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ABSTRACT 
The work described in this thesis was concerned with identifying the prevalence and risk 
factors associated with colonisation by the intestinal spirochaete Brachyspira pilosicoli in: 
humans: long term residents of Perth, Western Australia (WA) and Indonesians either 
living temporarily in Perth or as long term residents in urban and rural areas of Bali, 
Indonesia,  
animals: domestic animals including alpacas, birds, cattle, cats, chickens, dogs, doves, 
ducks, goats, horses, pigs, and sheep (housed at a wide variety of places around Perth), and 
a range of wild animals housed in various Zoos and wildlife centres in WA. 
This study shows that for humans: 
  Brachyspira pilosicoli was significantly more prevalent in Indonesians of all sub 
groups, be they temporary residents of Perth (9.4% - 216 faecal samples from 180 
individuals), or long term residents of Indonesia (12.6% - 992 faecal samples from 
617 individuals) compared with long term residents of Australia living mainly in 
Perth (0.2% of 766 sampled), even in those with gastrointestinal complaints. This 
suggests a relationship between a high prevalence of B. pilosicoli and living in 
Indonesia; 
  In Bali, B. pilosicoli was significantly more prevalent in the impoverished urban 
area of Sesetan (20.3-23.4%) where the husbandry of pigs is poor and effluent 
treatment is non-existent compared to four traditional farming villages (Badung, 
Karang Suwung, Melinggih, Payangan Desa) (3.3-22.6%). In the latter villages  
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effluent and drainage is better and there is less likely to be contamination of 
drinking water 
  There was no significant association between the presence of B. pilosicoli and the 
presence of clinical symptoms including headaches, abdominal pains, diarrhoea, 
joint/muscular pain and constipation. 
  Amongst Indonesians living in Indonesia, there was no significant difference in the 
prevalence of B. pilosicoli between people with and without contact with animals 
and between farmers and other occupational groups. 
  Indonesians visiting Perth who were positive for B. pilosicoli originated from nine 
cities and five main islands in Indonesia. This suggests that B. pilosicoli is endemic 
throughout Indonesia. 
  Strain typing of isolates of B. pilosicoli showed that they were genetically 
heterogenous and did not show any consistent pattern with respect to geographical 
location, family of origin or disease status. Isolates from the same individual were 
sometimes unrelated, suggesting the probability of re-infection with another strain 
between the samplings. 
  Some households (~7%) had more than one member positive for B. pilosicoli. Strain 
analysis suggested transmission between family members, and this could be due to 
either faecal-oral transmission, or from a common external source, such as 
contaminated water.  
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  B. pilosicoli was cultured from only 0.2% of Australians. This low prevalence may 
be a result of little or no exposure to B. pilosicoli due to good personal hygiene and 
environmental sanitation. 
  B. pilosicoli strain H1b and H171 that were isolated from healthy Indonesians were 
able to colonise mice and day-old chickens, and induced clinical signs of pasty 
faeces in the latter. Histological sections showed mild typhlitis and typical end-on 
attachment of B. pilosicoli to the caecal epithelial mucosa of the chickens. This 
finding suggests that the human isolates had pathogenic potential. 
This study showed that for animals investigated: 
  Intestinal spirochaetes were cultured from 46.4% (13/28) of bilbies with 14.3% 
(4/28) positive for B. pilosicoli. Spirochaetes were also cultured from the faeces of 
two Western Barred bandicoots and one (1.2%) kangaroo. 
  Intestinal spirochaetes were not isolated from any alpacas, cattle, goats, horses, pigs, 
and sheep but were detected in 40.5% of ducks, 14.3% of chickens, 14.9% of 
ostriches and 1.5% of cats.  
  Few pets that are commonly kept in households (dogs, cats and aviary birds) were 
colonised, suggesting that they are not an important focus of B. pilosicoli infection 
in Australia.  
 
    iv 
DECLARATION 
 
I declare that this thesis is my own account of my research and its main content is work 
which has not previously been submitted for a degree at any tertiary education institution. 
 
 
 
Signed: 
 
Kusuma Rini Margawani  
 
    v 
ACKNOWLEDGEMENTS 
 
I thank you God, for your help and all the blessing during the study and writing this thesis. 
It was more than a decade ago since I started this study and at one stage I thought I would 
be not being able to make it. During this time, I experienced a lot of support, help, and love 
from you God. 
I owe a lot of thanks to people who supported and helped me in many ways. I would like to 
sincerely thank my PhD supervisors A/Prof. Ian Robertson and Prof. David Hampson for 
their tireless help in supervising me. I thank AUSaid, my scholarship provider in earlier 
years. I offer a lot of thanks for assistance from people at Murdoch University: Peter Fallon 
(Electron Microscope), Michael Slaven and Gerard Spoelstra (Histology), Una Ryan, 
Russell Hobbs and Aileen Elliot (Parasitology), David Brockway (Farm), Sophy Oxberry, 
Tom La, Nyree Phillips, Jossie Brooke, Yong Song, Andrew Mikosza, David Lines 
(Microbiology), Ralph Swan and Kristin Warren (Wildlife Medicine). I also thank the 
people who helped in arranging and providing the field sampling: Jenny Lymbery, Doug 
Dwyer (Western Diagnostics), Sonia Hall (Sir Charlie Gairdner Hospital), Masa Tenaya 
(Disease Investigation Centre, Bali), plus those who kindly donated (their own and their 
pets‟) faecal samples for this study. I thank my special friends: Les Smith, Joe and Molly 
Pittorino,  Russell Cox, Kerry Thompson, Lee Khong, Jeisane Accioly, Howard and Yvette 
Crooks and others whose names not mentioned here, for their support.    
I would like to especially thank my children, Jerolina and Felly, for their lonesome and yet 
understanding when their mother spent most of her time with the spirochaetes. I thank my 
late husband Indra Wijaya for his support.    
 
    vi 
 
This thesis is dedicated to the late Denis Roberts, a great, yet humble, scientist, my mentor 
and former employer who touched my life.  
 
  
 
    vii 
PUBLICATIONS AND CONFERENCE PROCEEDINGS 
As a result of the work carried out in this thesis, the following papers and conference 
proceedings were published: 
  Margawani KR, Robertson ID and Hampson DJ. 1998. Intestinal Spirochaetes in 
people in Western Australia. Proceedings of the Combined Biological Science 
Meeting, Perth, Western Australia 21 August. 
 
  Brooke CJ, Margawani KR, Pearson AK, Riley TV, Robertson ID and Hampson 
DJ. 2000. Evaluation of blood culture systems for detection of the intestinal 
spirochaete Brachyspira (Serpulina) pilosicoli in human blood. Journal of Medical 
Microbiology 49:1031-36. 
 
  Mikosza ASJ, La T, Margawani KR, Brooke CJ and Hampson DJ. 2001. PCR 
detection of Brachyspira aalborgi and Brachyspira pilosicoli in human faeces. 
FEMS Microbiology Letters 197: 167-70. 
 
  Margawani KR, Robertson ID, Brooke CJ and Hampson DJ. 2003. Prevalence, risk 
factors and molecular epidemiology of Brachyspira pilosicoli in humans on the 
island of Bali, Indonesia. Proceedings of the International Conference on Colonic 
Spirochaetal Infections in Animals and Humans. Scotland, UK. p 38. 
 
  Margawani KR, Robertson ID, Brooke CJ and Hampson DJ. 2004. Prevalence, risk 
factors and molecular epidemiology of Brachyspira pilosicoli in humans on the 
island of Bali, Indonesia. Journal of Medical Microbiology 53: 325-32. 
 
  Munshi  MA, Margawani  KR, Robertson ID and Hampson  DJ. 2008. An 
unexpectedly high prevalence of colonisation with Brachyspira aalborgi amongst 
residents on the Indonesian island of Bali. Journal of Medical Microbiology57: 
1234-37. 
 
  Margawani KR, Robertson ID and Hampson DJ. 2009. Isolation of the anaerobic 
intestinal spirochaete Brachyspira pilosicoli from long-term residents and 
Indonesians visitors to Perth, Western Australia. Journal of Medical Microbiology 
58: 248-52.  
 
    viii 
LIST OF TABLES 
The page number listed is the page immediately preceding the table. 
 
Table 1.1  Basic morphological characteristics of the species of Brachyspira  12 
Table 1.2  Biochemical properties for differentiating species of Brachyspira  13 
Table 1.3  Schematic prevalence of B. pilosicoli and B. aalborgi in healthy 
people from Australia, India and Papua New Guinea (PNG)  33 
Table 2.1  Enzymes and buffer systems used in the electrophoretic analysis of 
Brachyspira pilosicoli isolates  74 
Table 3.1  The minimum number of Brachyspira pilosicoli in seeded faeces 
culturable after storage at room temperature (17.3 to 27.3
oC)  90 
Table 3.2  The minimum number of detectable Brachyspira pilosicoli seeded 
in faeces kept in three sized sample containers stored at 4
oC  90 
Table 3.3  The origin of the healthy residents of Australia sampled.   91 
Table 3.4  Distribution of symptoms by respondents in the week preceding 
the faecal collection.  93 
Table 3.5  The origin of the children at childcare centres cultured for 
Brachyspira pilosicoli  94 
Table 3.6  Faecal consistency of children cultured for Brachyspira pilosicoli  94 
Table 3.7  Clinical symptoms experienced by the hospitalised elderly patients 
in the last month.  96 
Table 3.8  Consistency of faeces sampled for Brachyspira pilosicoli from 
hospitalised elderly patients at time of sampling.  96 
Table 3.9  The origin of the elderly tested for B. pilosicoli at nursing homes.  97 
Table 3.10  Location of laboratories and number of faecal samples supplied.  100 
Table 3.11  The age category of the people with faeces cultured for 
Brachyspira pilosicoli  100 
Table 3.12  Gender of people cultured for Brachyspira pilosicoli obtained from 
the diagnostic laboratory.  100 
Table 3.13  Symptoms of the people from whom faecal samples were 
submitted to the diagnostic laboratory  101 
Table 3.14  Consistency of faeces cultured for Brachyspira pilosicoli from the 
diagnostic laboratory.  101 
Table 3.15  Origin and length of stay of Indonesians cultured for Brachyspira 
pilosicoli  107 
Table 3. 16  Age distribution of the individuals colonised by Brachyspira 
pilosicoli  108 
  
 
    ix 
LIST OF TABLES continued 
Table 3.17  Influence of spirochaetes on the presence of clinical symptoms  108 
Table 3.18  Result of re-sampling of people who were positive at the initial 
sampling  110 
Table 3.19  Status of individual members in families where multiple people 
were sampled and some were positive for Brachyspira pilosicoli  112 
Table 3.20  Islands of origin in Indonesia of people sampled in this study  113 
Table 3.21  Towns of origin of Indonesians cultured for Brachyspira pilosicoli  114 
Table 3.22  Prevalence of Brachyspira pilosicoli in August and December 
1999  137 
Table 3.23  Prevalence of Brachyspira pilosicoli in different age groups  139 
Table 3.24  Prevalence of Brachyspira pilosicoli in people with and without 
clinical symptoms at the first visit.  140 
Table 3.25  Prevalence of Brachyspira pilosicoli in people with and without 
clinical symptoms at the second visit.  140 
Table 3.26  Association between faecal consistency and the presence of 
Brachyspira pilosicoli  141 
Table 3.27  Prevalence of Brachyspira pilosicoli in people owning and not 
owning animals on the first visit.  143 
Table 3.28  Prevalence of Brachyspira pilosicoli in people owning and not 
owning animals on the second visit.  144 
Table 3.29  Detection of Brachyspira pilosicoli from 375 people who provided 
faecal samples on both visits.  145 
Table 3.30  Numbers of members in a family who were positive for 
Brachyspira pilosicoli  146 
Table 3.31 
Status of family members that had more than one member positive 
for Brachyspira pilosicoli on the combination of the first and 
second visits 
147 
Table 3.32  MLEE type and origin of isolates of Brachyspira pilosicoli 
isolated from Indonesian visitors in Perth and villagers in Bali  157 
Table 3.33  MluI PFGE types 1 – 58 for Brachyspira pilosicoli strains isolated 
from Indonesians and reference strains (shown in blue)  162 
Table 3.34  Brachyspira pilosicoli isolates that were analysed with both MLEE 
and PFGE.  167 
Table 4.1  The origin of dogs cultured for intestinal spirochaetes  180 
Table 4.2  The origin of cats cultured for intestinal spirochaetes  181 
Table 4.3  The origin of the birds cultured for intestinal spirochaetes  183 
      
 
    x 
LIST OF TABLES continued   
Table 4.4  Distribution by age group and number of ostriches positive for 
intestinal spirochaetes  184 
Table 4.5  Type and origin of production animals cultured for intestinal 
spirochaetes  186 
Table 4.6  Number of marsupials and other animals examined for intestinal 
spirochaetes.  188 
Table 4.7  The origin of bilbies positive for intestinal spirochaetes and 
Brachyspira pilosicoli  189 
Table 4.8  Number of non-human primates that were cultured for intestinal 
spirochaetes  190 
Table 5.1  Body weight of the chickens inoculated with Brachyspira 
pilosicoli  209 
Table 5.2  Culture of cloacal swabs and faecal consistency of the chickens  211 
 
 
  
 
    xi 
LIST OF FIGURES 
Figure 1.1  Schematic cross-section of a spirochaete  4 
Figure 1.2 
Electron micrograph of B. pilosicoli strain HRM 12. The ends of 
the cell are pointed. (Bar = 1.5 µm, negatively stained with 2% 
phosphotungstic acid). 
20 
Figure 1.3 
Haematoxylin-Eosin stained section of caecal tissue of a chicken 
experimentally infected with Brachyspira pilosicoli WesB. A 
massive number of spirochaetes can be seen attached on the end-
on to the epithelial appear as a dark fringe or “false brush” border. 
23 
Figure 1.4  Photomicrograph of colonic tissue showing a false brush border of 
B. aalborgi.  44 
Figure 1.5 
Scanning electron micrograph of B. pilosicoli showing end-on 
attachment to the luminal surface of the mucosal cells of the colon 
in a pig. 
45 
Figure 2.1  Four sets of Kunkle‟s broth clamped in metal racks to prevent the 
rubber stoppers from being expelled.  65 
Figure 2.2  The appearance of weakly ß-haemolytic colonies of Brachyspira 
pilosicoli on a CVS-TSA plate.  65 
Figure 3.1  Three sized sample jars used to store seeded faeces. Left, 70 ml; 
middle, 35 ml and right, 8 ml volume jar (Sarstedt Australia).  84 
Figure 3.2 
Transmission electron micrograph of a spirochaete observed in the 
faecal sample of a healthy adult Caucasian. This sample was 
positive for B. pilosicoli by PCR. 
93 
Figure 3.3  Photograph of faeces from a child positive for Brachyspira 
pilosicoli.  98 
Figure 3.4 
Transmission electron micrograph of a spirochaete observed in the 
faeces of a one-year old girl (Figure 3.3). The cell length was 3-4 
m with pointed cell ends. 
99 
Figure 3.5 
Transmission electron micrograph of a spirochaete observed in the 
faeces shown in Figure 3.3. The cell length was approximately 5-6 
m with one blunt and one pointed cell end. 
99 
Figure 3.6  Indonesian towns from where the positive people originated 
(Town numbering refers to Table 3.20).   115 
Figure 3.7  Map of Bali and the location of sampled areas.  124 
Figure 3.8 
The entrance to one of the compounds in Karang Suwung. On the 
wall is written the names of the 5 households, and the number of 
males and females in each household. 
 
126  
 
    xii 
 
 
LIST OF FIGURES continued   
Figure 3.9  A bedroom, rice barns and part of the family room in one 
compound in the traditional village of Payangan Desa.  126 
Figure 3.10 
One of the bedrooms in a compound. A great-grandmother is 
shown having a rest on her bed. She sleeps outside the room 
during both the night and day. 
127 
Figure 3.11  One of the grandmothers using the family room to prepare food.  127 
Figure 3.12  A toilet at the back of one of the compounds in Payangan Desa.  128 
Figure 3.13  Close interaction between a grandmother and her grandchild.  128 
Figure 3.14  Children in one of the compounds.  129 
Figure 3.15  A girl interacting with a dog in a compound.  129 
Figure 3.16  Backyards and a pigsty in Sesetan.  131 
Figure 3.17  A puddle of pig excreta around a pigsty in Sesetan.  132 
Figure 3.18  One of the wells in Sesetan.  132 
Figure 3.19  MLEE constructed dendrogram using isolates from Indonesians in 
Perth and Bali, Indonesia.   159 
Figure 3.20 
Dendrogram constructed from PFGE results and showing 
relationships between 65 B. pilosicoli digested with Mlu1 
presented .  
164 
Figure 3.21  PFGE banding patterns obtained from SmaI digestion of strains in 
Mlu1 types 40, 19, 30, 31 and 36.   165 
Figure 4.1  Transmission electron micrograph of a spirochaete observed in the 
faecal sample of one of the ostriches. One cell end is pointed  185 
Figure 4.2  Approximately 13 flagella arising from each end and wrapping 
around the body of the spirochaete shown in Figure 4.1.  185 
Figure 4.3 
Scanning electron micrograph of a spirochaete observed in the 
faeces of a siamang (Hylobates syndactylus) that suffered from 
chronic diarrhoea. 
191 
Figure 4.4  Scanning electron micrograph of the same spirochaete as shown in 
Figure 4.3, showing the flagella.  192 
Figure 5.1  Crop needle used in the challenge of day-old chickens and mice.  205 
Figure 5.2  Normal caecal tissue from a control SPF chicken.  212 
Figure 5.3  Caecal tissue from a chicken challenged with B. pilosicoli WesB.  
Patchy areas of attached spirochaetes are apparent.  212 
Figure 5.4  Caecal tissue from a chicken challenged with B. pilosicoli H1b. 
Patchy areas of attached spirochaetes are apparent.  213  
 
                                                                                                                                                                                              
TABLE OF CONTENTS 
ABSTRACT…...…………..……………………….………..……….……….…….  i 
DECLARATION…......………………………………….………….………………  iv 
ACKNOWLEDGEMENTS.....………………….…….……….…………..…………  v 
PUBLICATIONS AND CONFERENCE PROCEEDINGS………...…..….………  vii 
LIST OF TABLES ……..…….….……………………………………….…………  viii 
LIST OF FIGURES……...……………………………………………….…………  xi 
CHAPTER I: LITERATURE REVIEW   
 
 
 
1.1  GENERAL INTRODUCTION…….…………….…….……………..  2 
   1.1.1  Introduction...……………………….…………..……………………..  2 
1.2  GENERAL DESCRIPTION OF INTESTINAL SPIROCHAETES …  3 
   1.2.1  An introduction to spirochaetes…….…………………………………  3 
      1.2.1.1  Morphology…….……………………………..………….…………...  3 
      1.2.1.2  Unique characteristics…….…………………………………….….….  5 
      1.2.1.3  Taxonomy…….………………………………………………...……..  6 
      1.2.1.4  History name changes and lack of standard nomenclature……………  6 
      1.2.1.5  Genus name changes of intestinal spirochaetes…………………….…  7 
   1.2.2  An introduction to genus Brachyspira……………….……...………..  9 
   1.2.3  Genus Brachyspira..…………………………….………………….…  9 
      1.2.3.1  Brachyspira hyodysenteriae…………………………………...….…..  9 
      1.2.3.2  Brachyspira intermedia……………………………………...…….….  11 
      1.2.3.3  Brachyspira innocens .………………………………………...….…..  14 
      1.2.3.4  Brachyspira alvinipulli…………………………...………………......  15 
      1.2.3.5  Brachyspira murdochii…………………………...………………......  15 
      1.2.3.6  “Brachyspira canis” ……………………………..………………......  16 
      1.2.3.7  “Brachyspira pulli”..……………………………..………………......  16 
      1.2.3.8  “Brachyspira suanatina”…………………………...…………….......  17 
   1.2.4  Brachyspira aalborgi..……………………………………………......  17 
      1.2.4.1  History and taxonomy of Brachyspira aalborgi..………………….….  17 
      1.2.4.2  Morphology and growth characteristics of Brachyspira aalborgi……  18 
      1.2.4.3  Brachyspira aalborgi in humans……………………………...………  18 
      1.2.4.4  Distribution of B. aalborgi in animals……..…………………………  19 
   1.2.5  Brachyspira pilosicoli……...………………………………………….  19 
      1.2.5.1  History and taxonomy of B. pilosicoli……...………………………….  19  
 
                                                                                                                                                                                              
      1.2.5.2  Morphology and growth characteristics of B. pilosicoli…….. ..………  19 
      1.2.5.3  Brachyspira pilosicoli in humans……………………………………..  21 
      1.2.5.4  Brachyspira pilosicoli in pigs…….………………………………..….  21 
      1.2.5.5  Brachyspira pilosicoli in other animals…….…………………………  23 
      1.2.5.6  Transmission of intestinal spirochaetes amongst animals…….……....  25 
      1.2.5.7  Treatment and control of intestinal spirochaetes in animals…….……  26 
1.3  INTESTINAL SPIROCHAETES IN HUMANS…….……………….  28 
   1.3.1  Early research on human intestinal spirochaetes…….………………..  29 
      1.3.1.1  Intestinal spirochetes in the era of 1900-1960s…………..…………...  29 
      1.3.1.2  Reawakening interest in 1960s….………………………..…………...  30 
      1.3.1.3  HIS caused by B. aalborgi and B. pilosicoli………..………………….  31 
   1.3.2  Prevalence of HIS and risk factors for infection……...………………  32 
      1.3.2.1  The influence of ethnicity and environment on the prevalence of 
Brachyspira ……………………………………………..………….…  35 
      1.3.2.2  The influence of homosexuality or immunodeficiency on infection 
with Brachyspira………………………………………………..…….  37 
      1.3.2.3  The influence of age on the prevalence of intestinal spirochaetosis….  38 
      1.3.2.4  The influence of gender on the prevalence of spirochaetosis…………  39 
   1.3.3  Symptoms and significance of HIS……...……………………………  40 
      1.3.3.1  Incubation period and the length of infection…………………………  40 
      1.3.3.2  Gastrointestinal symptoms…………………………………………….  40 
      1.3.3.3  Spirochaetemia and other conditions………………………………….  42 
      1.3.3.4  Biopsy and histological observations of HIS………………………….  43 
   1.3.4  Mode of Transmission………………………………………………...  45 
   1.3.5  Treatment……….……………………………………………………..  46 
1.4  DIAGNOSTIC METHODS FOR INTESTINAL SPIROCHAETES..  48 
   1.4.1  Microscopy……………………………………………………………  48 
   1.4.2  Culture………………………………………………………………...  48 
   1.4.3  Blood culture………………………………………………………….  51 
   1.4.4  Phenotypic characterization…………………………………………..  52 
1.5  MOLECULAR METHODS OF DETECTION AND 
CHARACTERISATION ……………………………………………..  53 
   1.5.1  Polymerase Chain Reaction (PCR)……….…………………………..  53 
   1.5.2  Indirect Fluorescent Antibody Test (IFAT)……….…………………..  56 
   1.5.3  Enzyme Linked Immunosorbent Assay (ELISA)……………………..  56 
1.6  METHODS FOR TYPING INTESTINAL SPIROCHAETES……….  56 
   1.6.1  MLEE……….………………………………………………………...  57 
   1.6.2  Pulsed Field Gel Electrophoresis……….……………………………..  58  
 
                                                                                                                                                                                              
1.7  AIMS OF THE STUDY………………………………………………  59 
CHAPTER II: GENERAL MATERIALS AND METHODS     
2.1  ISOLATION OF SPIROCHAETES ……...………………………….  62 
   2.1.1  Preparation of selective trypticase soy agar (TSA) plates….………...  62 
   2.1.2  Preparation of trypticase soy broth medium …………..……………...  62 
   2.1.3  Isolation of intestinal spirochaetes from faecal samples……………...  63 
   2.1.4  Counting spirochaetal cells……………………………………………  66 
   2.1.5  Depositing isolates in the spirochaetal reference collection ………….  66 
2.2  IDENTIFICATION OF INTESTINAL SPIROCHAETES…………..  67 
   2.2.1  Phase contrast and dark field microscopy………..…………………..  67 
   2.2.2  Transmission electron microscopy……….…………………………..  67 
   2.2.3  Indole test………..…………………………………………………….  68 
   2.2.4  Polymerase Chain Reaction (PCR)………..…………………………..  68 
   2.2.5  Culture Resuspension Diatomaceous Earth Extraction (CRDEX) of 
DNA......................................................................................................  69 
   2.2.6  Cell Pick method…………..…………………………………………..  70 
2.3  TYPING OF INTESTINAL SPIROCHAETES……….….…………..  71 
   2.3.1  Multilocus enzyme electrophoresis (MLEE)……….…………………  71 
      2.3.1.1  Cell preparation for MLEE……………………………………………  71 
      2.3.1.2  Enzyme extraction……...……………………………………………..  71 
      2.3.1.3  Gel preparation and loading the gel…………………………………...  71 
      2.3.1.4  Electrophoresis………………………………………………………..  73 
      2.3.1.5  Staining by the agar overlay method……...………………………….  74 
      2.3.1.6  Staining by the soaking method……………………………………….  75 
      2.3.1.7  Analysis of MLEE results……..………………………………………  75 
   2.3.2  PULSED FIELD GEL ELECTROPHORESIS (PFGE)……….……...  76 
      2.3.2.1  Cell preparation and plug digestion…………………………………...  76 
      2.3.2.2  Electrophoresis……….……………………………………………….  77 
2.4  STATISTICAL ANALYSIS……….…………....………....…………  78 
2.5  ETHICS APPROVAL……….…………..…..………..………………  79 
2.6  FAECAL CONSISTENCY……….…………....…………..…………  79 
2.7  QUESTIONNAIRES..………..…………..…………..……….………  80 
CHAPTER III: ISOLATION OF BRACHYSPIRA PILOSICOLI FROM 
HUMANS  
 
 
 
 
  
 
                                                                                                                                                                                              
3.1  BACKGROUND TO THE STUDY……….…..……………………..  82 
   3.1.1  Validation of methods for faecal storage and evaluation of levels of 
detection ..…………………………………..…………………………  83 
   3.1.2  General methods for faecal collection…..…………………………….  84 
3.2 
ISOLATION OF BRACHYSPIRA PILOSICOLI FROM HUMAN 
RESIDENTS OF AUSTRALIA AND SAMPLES SUBMITTED TO 
A DIAGNOSTIC LABORATORY IN PERTH.…………………..… 
85 
   3.2.1  Faecal collection from healthy residents in Perth...…………………...  85 
   3.2.2  Faecal collection from children attending childcare centres in Perth…  86 
   3.2.3  Faecal collection from elderly patients in hospitals in Perth ……...….  86 
   3.2.4  Faecal collection from elderly residents of nursing homes in Perth…..  87 
   3.2.5  Faecal collection from samples submitted to a diagnostic laboratory 
in Perth  ...……………………………………………………………..  88 
   3.2.6  Results..………………………………………………………………..  89 
      3.2.6.1  Validation of methods for faecal storage and evaluation of levels of 
detection ……...……………..………………………….……………..  89 
      3.2.6.2  Healthy residents…………….………………………………………..  91 
      3.2.6.3  Children attending childcare centres in Perth ……….………………..  93 
      3.2.6.4  Elderly patients in hospitals in Perth …………………………………  95 
      3.2.6.5  Elderly residents of nursing homes in Perth……...……………….…..  97 
      3.2.6.6  Samples submitted to a diagnostic laboratory in Perth………………..  97 
   3.2.7  Discussion……………………………………………………..………  102 
3.3  ISOLATION OF BRACHYSPIRA PILOSICOLI FROM 
INDONESIAN VISITORS IN PERTH……………...………………..  104 
   3.3.1  Background information about Indonesia…………………………….  104 
   3.3.2  Origin of Indonesian visitors who were sampled in Perth…………….  104 
   3.3.3  Faecal collections ……...………………………..…………………….  105 
   3.3.4  Results…………………………………………………………………  106 
      3.3.4.1  Prevalence……………………..............………………………………  106 
      3.3.4.2  Age and gender……………………..…………………………………  107 
      3.3.4.3  Clinical symptoms……………..…………………………………...…  108 
      3.3.4.4  Faecal consistency……….……...……………..….…………………..  109 
      3.3.4.5  Pet ownership and occupation…………….…….…………..…..…….  109 
      3.3.4.6  The duration of colonisation ……...…………………………………..  110 
      3.3.4.7  The number of positive members within sampled families……….…..  111 
      3.3.4.8  Towns of origin in Indonesia …………………………………………  112 
      3.3.4.9  Duration of stay in Perth…………….…………………………….…..  116  
 
                                                                                                                                                                                              
      
3.3.4.10 
Results of multilocus enzyme electrophoresis (MLEE) and pulsed 
field gel electrophoresis (PFGE) of B. pilosicoli isolates …………….  116 
   3.3.5  Discussion……….…………………………………………………….  116 
      3.3.5.1  Prevalence……….…………………………………….………………  116 
      3.3.5.2  Age and gender……...……………………………….………………..  117 
      3.3.5.3  Clinical symptoms and faecal consistency………...…………..……...  118 
      3.3.5.4  Pet ownership and occupation…………...……………………………  118 
      3.3.5.5  Duration of colonisation  …………….………..……………………..  119 
      3.3.5.6  Duration of stay in Perth…………..……………..……..…………….  119 
      3.3.5.7  The number of positive members within one family………………….  120 
      3.3.5.8  Towns of origin in Indonesia ……….……………………………..….  121 
3.4  ISOLATION OF BRACHYSPIRA PILOSICOLI FROM 
VILLAGERS AND OTHERS IN BALI, INDONESIA………………  122 
   3.4.1  Background information about Bali……….………………………….  123 
   3.4.2  Origin of villagers and faecal collections……………………………..  131 
   3.4.3  Testing of well water ……………………………………………...….  134 
   3.4.4  Results…………………………………………………………………  135 
      3.4.4.1  Prevalence……….………………………..………………………...…  135 
      3.4.4.2  Age and gender……….…………...…..………………………………  138 
      3.4.4.3  Clinical symptoms………………...………………..…………………  139 
      3.4.4.4  Faecal consistency…………………….………………………………  140 
      3.4.4.5  Animal ownership and occupation…………..………….…………….  142 
      3.4.4.6  Sources of water…………………………...………………………….  145 
      3.4.4.7  Duration of colonisation……….…………………………….………..  144 
      3.4.4.8  Number of people positive for Brachyspira pilosicoli in one 
household……………………………………………………………...  145 
      3.4.4.9  Testing of well water……….…...………………………..………..….  148 
   3.4.5  Discussion………..…………………………..………………………..  148 
      3.4.5.1  Prevalence……….…………………………………………………….  148 
      3.4.5.2  Age and gender……….….….……………………...…………………  150 
      3.4.5.3  Clinical symptoms……………..………………………...……………  151 
      3.4.5.4  Faecal consistency……………..……………………...………………  151 
      3.4.5.5  Sources of water and animal ownership……..…………..……………  151 
      3.4.5.6  Duration of colonisation……….……………………………………...  152 
      3.4.5.7  Number of people positive in one household…………..……………..  153 
      3.4.5.8  Testing of well water..………...…………………………..………..…  154 
3.5 
MULTILOCUS ENZYME ELECTROPHORESIS (MLEE) AND 
PULSED FIELD GEL ELECTROPHORESIS (PFGE) ANALYSIS 
OF ISOLATES ………………………………………………………. 
154 
 
 
   3.5.1  Cell preparation for MLEE……….…………………………………..  154  
 
                                                                                                                                                                                              
   3.5.2  Result of MLEE………………………………………………..……..  155 
   3.5.3  Spirochaetes analysed for PFGE….…………………………………..  160 
   3.5.4  Result of PFGE typing following MluI and Sma1 restriction digestion  160 
   3.5.5  Comparison of MLEE and PFGE……………………………………..  166 
   3.5.6  Discussion………..……………………………………………………  169 
CHAPTER IV: ISOLATION OF INTESTINAL SPIROCHAETES FROM 
ANIMALS    
 
 
 
4.1  INTRODUCTION……….……………..…………………..…………  173 
4.2  MATERIALS AND METHODS……….………………….……...….  174 
   4.2.1  Samples from dogs……….……………………….…………………..  174 
   4.2.2  Samples from cats………..…………………………….……………..  175 
   4.2.3  Samples from birds……….………………………………………..….  176 
   4.2.4  Samples from production animals………..…………………………...  177 
   4.2.5  Samples from Australian wildlife………..…………….……………...  177 
   4.2.6  Samples from orang-utans and other primates……….……………….  179 
4.3  RESULTS ………………..…………..…………...…...……………..  179 
   4.3.1  Prevalence of intestinal spirochaetes in dogs……….………………...  179 
   4.3.2  Prevalence of intestinal spirochaetes in cats………………………….  181 
   4.3.3  Prevalence of intestinal spirochaetes in birds……….………………...  182 
   4.3.4  Prevalence of intestinal spirochaetes in production animals………….  186 
   4.3.5  Prevalence of intestinal spirochaetes in Australian wildlife………..…  186 
   4.3.6  Prevalence of intestinal spirochaetes in non-human primates………...  189 
4.4  DISCUSSION…………………………….…………………………..  192 
CHAPTER V: EXPERIMENTAL CHALLENGE OF DAY-OLD 
CHICKENS AND MICE WITH BRACHYSPIRA PILOSICOLI 
 
 
5.1  INTRODUCTION…………………..…………..…………………….  202 
5.2  MATERIALS AND METHODS………..………………..…………..  203 
   5.2.1  Experimental design……….………………………………………….  203 
   5.2.2  Bacterial preparation……….…………………………………….……  204 
   5.2.3  Challenge procedure………..…………………………………….…...  205 
   5.2.4  Faecal consistency and collection of cloacal swabs………..…….…...  206 
   5.2.5  Post-mortem examination……….……………………………….……  206 
   5.2.6  Sample preparation for histology………..………………………….…  207 
   5.2.7  Sample preparation for culture…………………..……………………  208 
   5.2.8  Identification of spirochaetes………..………………………………..  208 
   5.2.9  Statistical analysis……….…………………………………………….  209 
5.3  RESULTS……………………..…………...…………..……..……….  209  
 
                                                                                                                                                                                              
 
 
 
5.4  DISCUSSION………….…………..…………..…………..……….…  214 
CHAPTER VI: GENERAL DISCUSSION    
 
 
 
6.1  VALIDATION OF METHODS FOR LEVELS OF DETECTION 
AND EVALUATION OF FAECAL STORAGE………….………….  218 
6.2  ISOLATION OF BRACHYSPIRA PILOSICOLI FROM HUMANS…  219 
   6.2.1  Prevalence in different population groups.....…………………………  219 
   6.2.2  Age and gender………...……………………………………………...  223 
   6.2.3  Clinical symptoms and faecal consistency………...………………….  225 
   6.2.4  The influence of animal ownership and occupation………...………...  225 
   6.2.5  Duration of colonisation ………..…………………………………….  225 
   6.2.6  Number of people positive for Brachyspira pilosicoli in one 
household……………………………………………………………...  226 
   6.2.7  MLEE and PFGE………...……………………………………………  227 
6.3  ISOLATION OF INTESTINAL SPIROCHAETES AND 
BRACHYSPIRA PILOSICOLI FROM ANIMALS………..…………..  228 
6.4  EXPERIMENTAL CHALLENGE OF DAY-OLD CHICKENS AND 
MICE…………………………..……..……..…………….…………..  230 
6.5  SUMMARY AND CONCLUSIONS………….……………………...  230 
  REFERENCES……………………..…….……..…………..…….…..  232 
  APPENDICES ………………..………………………………….…...  256  
 
                                                                                                                                                                                               1 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER I 
 
 
 
 
LITERATURE REVIEW                                                                                              Chapter I: Literature Review 
                                                 
 
 
                                                                                                                                                                                               2 
1.1 GENERAL INTRODUCTION 
1.1.1 Introduction  
This literature review provides a background to human intestinal spirochaetosis (HIS), 
which is the topic of the current thesis. It commences with a general introduction to the 
spirochaetes, then moves on to the intestinal spirochaetes of the genus Brachyspira that 
are found in humans and animals. The review then describes the spirochaetes 
Brachyspira aalborgi and  Brachyspira pilosicoli, the two species that are involved in 
HIS. It then goes on to briefly describe a range of other species found in animals alone, 
namely Brachyspira hyodysenteriae, Brachyspira intermedia, Brachyspira innocens, 
Brachyspira alvinipulli, Brachyspira murdochii, “Brachyspira canis”, “Brachyspira 
pulli” and “Brachyspira suanatina”. 
The history, morphology and biochemistry of the above spirochaetes are then described, 
with particular emphasis on B. aalborgi and B. pilosicoli. The latter species is the main 
focus of the work done on HIS that is described later in the thesis. 
The review describes early studies of HIS, spirochaete virulence factors, clinical 
symptoms, mechanisms of transmission, and treatment of the disease, followed by the 
prevalence and risk factors associated with HIS. 
The penultimate section of the review describes some methods for identifying intestinal 
spirochaetes, including conventional and newer molecular methods. 
The final section concludes with the description of the aims of the current study.                                                                                               Chapter I: Literature Review 
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1.2 GENERAL DESCRIPTION OF INTESTINAL SPIROCHAETES 
1.2.1 An introduction to spirochaetes 
1.2.1.1 Morphology 
Spirochaetes are helical or spiral shaped bacteria. They are relatively large, 4 – 20 µm 
long (approximately three times the length of E. coli) and 0.2 – 0.8 µm in diameter. 
They are a unique group of bacteria representing a single monophyletic phylum that 
originated very early in the evolution of bacteria, and therefore possess many features 
that are not present in other types of bacteria (Paster et al., 1991, Paster and Dewhirst, 
1997, Zuerner, 1997). Their unique structure includes the presence of a protoplasmic 
cylinder, which is covered by an inner and outer membrane, consisting of a lipid 
bilayer, a peptidoglycan layer and lipoproteins and periplasmic flagella (Canale-Parole, 
1978, Barber et al., 1995) (Figure 1.1).  
Periplasmic flagella are internal organelles of motility, ultra-structurally and chemically 
similar to external flagella found in other bacteria. Periplasmic flagella, located between 
the inner and outer membrane, are inserted subterminally into one end of the bacterium 
and are wrapped around the body of protoplasmic cylinder. The flagella are paired with 
the same number at each end of the bacterial cell, and usually overlap in the central 
region of the bacteria with the distal ends free. The flagella are approximately 12 nm in 
diameter and their number per spirochaete varies from two to 200 according to the 
species (Paster and Dewhirst, 1997). The presence of flagella within the periplasmic 
space and on the ends of bacterium enable the spirochaetes to move actively with a 
three-dimensional or corkscrew movement in liquid media, and a serpentine creeping  
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Figure 1.1 Schematic cross-section of a spirochaete.  
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movement in solid or semisolid media. Unlike other flagellated bacteria, spirochaetes 
can move in viscous liquids (Paster et al., 1991, Holt et al., 1994). Some spirochaetes 
are more flexible than others, and some are loosely coiled while others are tightly bound 
(Smibert, 1989, Miller et al., 1991).  
The length of spirochaetes is affected by growth conditions. Under optimal conditions, 
they are shorter and more waved. In unfavourable conditions, such as when substrate is 
limited,  they tend to be longer, less wavy and more spherical (Breznak, 1973, Stanton 
and Lebo, 1988, Sellwood and Bland, 1997), similar to the appearance at the end of the 
growth phase. Different spirochaetes can grow in a variety of gaseous environments 
from oxygenated to deoxygenated (Holt et al., 1994). They exist in a wide range of 
niches: marine and terrestrial aquatic environments in bivalves and insects, in addition 
to the intestinal tract, bloodstream, genitalia or sub-gingival plaque of humans and 
animals (Holt et al., 1994, Paster and Dewhirst, 2000). 
Spirochaetes are fastidious and cultivation in the laboratory is difficult, and many 
species still cannot be cultured and identified. They multiply by binary fission and the 
new flagella and their insertion sites are fully formed before they divide in two from the 
middle (Baranton and Old, 1995). 
1.2.1.2 Unique characteristics 
Spirochaetes have three main characteristics at gross phenotypic levels: (1) a unique 
ultrastructure, (2) resistance to the antibiotic rifampicin and (3)  the presence of 
ornithine as an amino acid in the peptidoglycan of the bacterium wall (Paster et al., 
1984, Yanagihara et al., 1984, Paster et al., 1991).                                                                                               Chapter I: Literature Review 
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1.2.1.3 Taxonomy 
The taxonomy of spirochaetes is classified as: Kingdom Eubacteria, Order 
Spirochaetales, which contains two families: Leptospiraceae and Spirochaetaceae 
based on the phenotypic characteristics, including analysis of end products from glucose 
metabolism, growth response to O2 and host dependency. The family Spirochaetaceae 
consists of the Genera Brachyspira, Spirochaeta, Treponema, Borrelia and Cristispira 
(Canale-Parole, 1984, Smibert, 1984). However, 16S rRNA gene sequences also 
indicates that the Order Spirochaetales contains three families, the Brachyspiraceae, 
Spirochaetaceae and Leptospiraceae (Paster and Dewhirst, 2000). Notwithstanding the 
above, there still remains some confusion and further work needs to be done to finalise 
the taxonomy of this order. 
1.2.1.4 History, name changes and lack of standard nomenclature of 
the bacteria 
Intestinal spirochaetes have been observed in human and animal faeces for more than a 
century (Felström et al., 1996a). In 1884, Escherich first identified spirochaetes in the 
faeces of healthy humans, as well as in babies and adults with diarrhoea. 
Unfortunately the nomenclature used to describe spirochaetes living in the intestinal 
tract is still evolving. The lack of standardisation between studies has caused much 
confusion. From the initial description of the morphology and drawings of human 
spirochaetes in faeces, Thomson (1914) identified at least seven different types. The 
term “intestinal spirochaete” refers to all spirochaetes sharing the same intestinal 
habitat, even though they may not belong to the same genetic group (Hampson and 
Trott, 1995).                                                                                               Chapter I: Literature Review 
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The issue of identification and classification also is difficult because many intestinal 
spirochaetes are anaerobic, fastidious, and slow growing, and these characteristics have 
caused workers to avoid culturing these bacteria. For instance, some have favoured 
histological and microscopic identification techniques, making it difficult for readers to 
decide whether different authors were dealing with the same organism (Barrett, 1997).  
1.2.1.5 Genus name changes of intestinal spirochaetes  
Over the past 60 years, the genus name of the intestinal spirochaetes that are the subject 
of this thesis has changed from Campylobacter to Treponema, then to Serpula, 
Serpulina, and now to Brachyspira (Stanton et al., 1991, Hampson et al., 1997, Ochiai 
et al., 1997, Hampson and La, 2006).  
Spirochaete-like bacteria were named Campylobacter coli by Doyle in 1948 when he 
observed them in the faeces of pigs with swine dysentery (SD) (Hampson et al., 1997). 
Spirochaetes from pigs with SD, most likely the same as the “C. coli” bacteria, were 
first cultured and named Treponema hyodysenteriae (Taylor and Alexander, 1971, 
Harris et al., 1972), based on their morphology, habitat, and requirement for anaerobic 
growth (Hampson and Trott, 1995). Subsequently, a non-pathogenic spirochaete that 
has identical morphology and a very similar biochemical profile to T. hyodysenteriae 
was isolated from pigs and named T. innocens (Kinyon and Harris, 1979). Further, it 
was found that the G+C content of Treponema pallidum (the agent of syphilis), was 
different from that of T. hyodysenteriae and T. innocens (Miao et al., 1978). In addition, 
there was <5% sequence homology between T. pallidum and T. hyodysenteriae and      
T. innocens. The unique 16S rRNA regions found in T. hyodysenteriae were 99% 
similar to those of T. innocens, but only 76.5% similar to other spirochaetes (Paster et                                                                                               Chapter I: Literature Review 
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al., 1984, Paster and Dewhirst, 2000). Therefore, the spirochaetes were removed from 
Treponema and renamed Serpula (L. little serpent) (Stanton et al., 1991) and then 
changed to Serpulina (L. little serpent of) as Serpula was already used for a fungal 
genus (Stanton, 1992).  
Lee et al. (1993b) proposed a new genus and species Anguillina (L. eel like) coli to a 
cluster of spirochaetes that were morphologically, biochemically, antigenically and 
pathogenically different from S. hyodysenteriae and S. innocens (Lemcke and Burrows, 
1981, Lymbery et al., 1990, Ramanathan et al., 1993, Duhamel et al., 1995a). However, 
a high level of similarity of 16S rRNA sequence between Anguillina and Serpulina 
suggested they should be placed into a single genus, and therefore Anguillina coli 
became Serpulina pilosicoli (L. little serpent of the hairy colon) (Trott et al., 1996b).     
Earlier, Hovind-Hougen et al. (1982) had cultured an intestinal spirochaete from 
humans and named it Brachyspira aalborgi. They suggested that B. aalborgi did not 
belong to the genus Treponema because it did not possess cytoplasmic tubules, a 
criterion essential for classification as a Treponema, and consequently was placed in the 
new genus Brachyspira. 
To confuse the matter further, it was subsequently found that the members of genus 
Serpulina had 16S rDNA sequence homology of ≥96% with B. aalborgi, thus it was 
suggested that Serpulina and Brachyspira should be placed in the same genus (Hookey 
et al., 1994, Stanton et al., 1996).  
Consequently, in turn, the former members of genus Serpulina: S. hyodysenteriae, S. 
innocens, S. pilosicoli, S. alvinipulli, S. intermedia and S. murdochii were transferred to 
the genus Brachyspira (Ochiai et al., 1997, Stanton et al. 1998, Hampson and La,                                                                                               Chapter I: Literature Review 
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2006). However, there are still those who debate the inclusion of all the species within a 
single genus (Petterson et al., 2000).  
To avoid confusion, the genus name Brachyspira will be used throughout this study, 
although prior to 1997 the names Treponema or Serpulina were used in the literature for 
individual species. 
1.2.2 An introduction to the genus Brachyspira 
The genus Brachyspira consists of intestinal spirochaetes that are found in humans and 
animals. Currently Brachyspira contains seven species: Brachyspira hyodysenteriae, B. 
intermedia, B. innocens, B. alvinipulli, B. murdochii, B. pilosicoli and B. aalborgi, plus 
three unofficially named species: “B. canis”, “B. pulli” and “B. suanatina”. 
1.2.3 Genus Brachyspira 
In this section, the morphology and biochemical properties of each of the seven species 
of Brachyspira, as well as the three proposed species will be briefly described. 
Brachyspira aalborgi and B. pilosicoli, the two main species that are known to infect 
humans, will be described in more detail. The properties of each species are summarised 
in Tables 1.1 and 1.2, and are reviewed below. 
1.2.3.1 Brachyspira hyodysenteriae  
Brachyspira hyodysenteriae is the most intensively studied intestinal spirochaete, but it 
is only found in animals (Hampson et al., 1999). Brachyspira hyodysenteriae is 7-12 
µm long and 0.3-0.4 µm in diameter, with between 7-14 periplasmic flagella inserted in                                                                                               Chapter I: Literature Review 
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each cell end. The ends of the bacterium are generally blunt (Lee et al., 1993c). The 
bacteria grow anaerobically on blood agar, with strong β-haemolysis. The presence of 
strong β-haemolysis, a positive indole reaction, α-glucosidase activity and a lack of α-
galactosidase activity are stated as typical characteristics of B. hyodysenteriae, and help 
to distinguish them from other spirochaetes (Hunter and Wood, 1979, Kinyon and 
Harris, 1979, Lee et al., 1993a, Fellström et al., 1997). However, strains of B. 
hyodysenteriae with a negative indole reaction have been reported in Belgium and 
Germany (Hommez et al., 1998, Fellström et al., 1999). 
The temperature used for incubation is usually between 37 and 42
oC, with an optimum 
of 37
oC (Tompkins et al., 1986, Stanton and Lebo, 1988), and a doubling time of 3-5 
hours at 38
oC (Stanton and Lebo, 1988). It has also been suggested that the optimum 
incubation conditions for B. hyodysenteriae are 42
oC for at least 10 days, although 
samples with high numbers of B. hyodysenteriae can grow within 2 to 4 days (Stanton 
and Lebo, 1988, Duhamel and Joens, 1994). Growth is enhanced by the addition of 1% 
oxygen. In nature, B. hyodysenteriae requires cholesterol, which is present in the cell 
membranes of host tissue and intestinal mucus (Stanton, 1997).  
Brachyspira hyodysenteriae is the aetiological agent of SD, which results in a severe 
mucohaemorrhagic colitis in pigs in the growing to finishing period (Harris et al., 
1999). Swine dysentery is an economically important disease due to mortality, 
decreased growth rate, poor feed conversion, and cost of medication. Pigs are the main 
host for B. hyodysenteriae (Hampson and Trott, 1995). The organism can also cause 
necrotising typhlocolitis in rheas, without contact with pigs (Stanton et al., 1996). It has 
also been isolated from chickens, mallards, mice and rats (Joens, 1986, Jensen et al., 
1996, Trott et al., 1996a,  Hampson et al., 1997, Jansson et al., 2004, Feberwee et al.,                                                                                               Chapter I: Literature Review 
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2008). Experimental infection has been successful in mice, young chicks, and guinea 
pigs (Glock et al., 1978, Joens et al., 1978, Joens and Glock, 1979, Adachi et al., 1985). 
Transmission of B. hyodysenteriae to pigs and other animals occurs by ingestion of 
faecal material from either clinically affected or asymptomatic pigs carrying the 
organism in the gut (Harris et al., 1999). Transmission can also occur via vectors such 
as farm workers, pond water containing effluent, dogs, mice, rats, and flies (Glock et 
al., 1975, Songer et al., 1978, Joens and Kinyon, 1982, Hampson et al., 1991, Olson, 
1995, Harris et al., 1999).  
1.2.3.2 Brachyspira intermedia  
Brachyspira intermedia were first cultured from pigs, and were tentatively named 
“Serpulina intermedius” by Lee et al. (1993b). Brachyspira intermedia cells are 7.5-10 
µm long and 0.37-0.45 µm in diameter, with blunt ends (Stanton, 1997, Hampson and 
La, 2006). They have 12-14 periplasmic flagella inserted at each cell end. Optimum 
growth occurs between 39-42
oC in the presence of 1% oxygen, resulting in a doubling 
time of 2-4 hours. The phenotypic and genotypic characteristics of B. intermedia are 
between those of B. hyodysenteriae and B. innocens (Stanton, 1997). Brachyspira 
intermedia is indistinguishable from B. hyodysenteriae based on morphology, cell 
dimension, and number of flagella (Stanton, 1997). In addition, B. intermedia is 
biochemically very similar to B. hyodysenteriae, but can be differentiated by the weak 
β-haemolysis on blood agar. 
Brachyspira intermedia has been found in pigs and poultry. In pigs, the pathogenic 
potential of B. intermedia is unknown. Although this organism has been found in pigs 
with mild colitis and diarrhoea (Fellström and Gunnarsson, 1995, Hampson and Trott,      
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Table 1.1 Basic morphological characteristics of the species of Brachyspira 
Species   Length (µm)  Diameter (µm)  Number of 
flagella per cell  Shape of cell end  General appearance 
B. hyodysenteriae  6-13  0.3-0.4 
  22-28  Blunt  Longer, fatter with more 
waves than B. pilosicoli 
B. intermedia  7-10  0.4- 0.5  24-28  Blunt  Similar to B. hyodysenteriae 
B. innocens  5-14  0.3 -0.4  8-12  Blunt  Longer, fatter with more 
waves than B. pilosicoli 
B. alvinipulli  8-11  0.2-0.3  22-30  Blunt  As above 
B. murdochii  5-8  0.3  22-26  Blunt  As above 
B. pilosicoli  4-12  0.2-0.4  8-12 
Has at least one 
abruptly pointed 
end 
Shorter, thinner with fewer 
waves 
B. aalborgi  2-6  0.20  8  Pointed  Shorter and thinner than B. 
pilosicoli 
 
Adapted from: Trott et al., 1996c, Atyeo, 1997, Sellwood and Bland, 1997, Stanton et al., 1997, Jansson et al., 2004,  
Johansson et al., 2004.  
. 
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Table 1.2 Biochemical properties for differentiating species of Brachyspira 
Species 
 
Haemolytic 
zone on blood 
agar 
Indole reaction 
α -
Galactosidase 
presence 
α-Glucosidase 
presence 
β-Glucosidase 
presence 
Hippurate 
reaction 
B. hyodysenteriae  Strong  +†  -  +/-  +  - 
B. intermedia  Weak  +  -  +  +  - 
B. innocens  Weak  -  +  +/-  +  - 
B. alvinipulli  Weak  -  -  -  +  + 
B. murdochii  Weak  -  -  -  +  - 
B. pilosicoli  Weak  +/-  +/-  -  -  +/- 
B. aalborgi  Weak  -  -  -  -  w 
“B. pulli”  Weak  +/-  NA  NA  NA  NA 
“B. canis”  Weak  -  +  -  +  - 
“B. suanatina”  Strong  +  -  -  +  - 
 
Key: + : positive, - : negative, +/-: variable, strains can be positive or negative, w=weak, NA=not available 
†: indole negative isolates have been reported (Hommez et al., 1998, Fellström et al., 1999) 
Adapted from: Ramanathan et al., 1993, Trott et al., 1996b, McLaren et al., 1997, Duhamel et al., 1998, Stanton et al., 1998,  
Johansson et al., 2004, Råsbäck et al., 2007a.                                                                                               Chapter I: Literature Review 
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1995), experimental infection in pigs failed to reproduce disease (Hudson et al., 1976). 
In poultry however, experimental infection of broilers and layers with B. intermedia has  
induced clinical signs of increased faecal water content, faecal staining of eggs, reduced 
egg production and poor growth and body condition (Dwars et al, 1989, Dwars et al., 
1990, Dwars et al., 1992a, Dwars et al., 1992b, Hampson and McLaren, 1999). 
Brachyspira intermedia has been isolated from commercial layer and broiler breeder 
poultry flocks with diarrhoea, poor egg production and growth (Griffiths et al., 1987, 
McLaren et al., 1996, McLaren et al., 1997, Phillips et al., 2005). It is considered that 
the broad dissemination of B. intermedia is likely to be a cause of economic loss to the 
poultry industries in Australia and Europe (McLaren et al., 1997).  
1.2.3.3 Brachyspira innocens  
Brachyspira innocens was first isolated from healthy pigs and named T. innocens 
(Kinyon and Harris, 1979). This organism is 5.3-14.1 µm long and 0.3-0.4 µm in 
diameter, with between 8-12 periplasmic flagella inserted in each cell end. The ends of 
the bacterium are generally blunt (Kinyon and Harris, 1979). 
Brachyspira innocens is weakly β-haemolytic, indole negative, fructose positive, α-
glucosidase positive and α-galactosidase negative  (Kinyon and Harris, 1979). This 
species is morphologically identical and has serological cross-reactivity with                
B. hyodysenteriae (Hudson et al., 1976) but can be differentiated from B.hyodysenteriae 
on the characteristics of weak β-haemolysis, its non-pathogenic nature, fermentation of 
fructose and an indole negative reaction (Table 1.2).  
Brachyspira innocens has been isolated from pigs, dogs and chickens (Kinyon and 
Harris, 1976, Kinyon et al., 1977, Lee et al., 1993b, Fellström et al., 1997, McLaren et                                                                                               Chapter I: Literature Review 
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al., 1997) but failed to colonise experimentally challenged day-old chicks (Trott et al., 
1995). 
1.2.3.4 Brachyspira alvinipulli  
Brachyspira alvinipulli was recognised as a new species in 1995 (Swayne et al., 1995, 
McLaren et al., 1997, Stanton et al., 1998). This organism is 8-11 µm long and 0.2-0.3 
µm in diameter, with between 11-15 periplasmic flagella inserted in each cell end. The 
ends of the bacterium are generally blunt (Swayne et al., 1995). Colonies of                 
B. alvinipulli are weakly β-haemolytic on blood agar plates. Brachyspira alvinipulli 
gives a positive reaction for β-galactosidase and hippurate, and a negative reaction for α 
-glucosidase and indole (Swayne et al., 1995, Stanton et al., 1998). 
Brachyspira alvinipulli has been isolated from chickens with diarrhoea and typhlitis in 
the USA (Swayne et al., 1992, Swayne et al., 1995) and the Netherlands (Feberwee et 
al., 2008) and geese in Hungary (Nemes et al., 2006). Experimental infection in layer 
hens showed that this organism caused mild diarrhoea and penetrated the epithelium of 
the caecal lumen (Swayne et al., 1995). This finding suggests that B. alvinipulli has the 
potential to be pathogenic and may cause production problems in poultry.  
1.2.3.5 Brachyspira murdochii  
Brachyspira murdochii cells are 5-8 µm long, 0.3 µm in diameter and have 11-13 
periplasmic flagella inserted at each of their blunt cell ends (Stanton et al., 1997, 
Hampson and La, 2006). Their growth is optimum at 39-42
oC with the presence of 1% 
oxygen and they double in numbers every 2-4 hours (Stanton et al., 1997). Colonies of 
B. murdochii are weakly β-haemolytic on blood agar. The lack of α-galactosidase                                                                                               Chapter I: Literature Review 
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activity can be used to distinguish B. murdochii from B. innocens (Lee, 1994, Stanton et 
al., 1997). 
Brachyspira murdochii was originally considered to be a non-pathogenic commensal 
organism (Hampson and Trott, 1995, Trott et al., 1995, Stanton et al., 1997, Trott and 
Hampson, 1998) and was isolated from healthy pigs and rats in Australia (Trott et al., 
1996a) and Canada (Duhamel et al., 1995a). It has, however, also been isolated from an 
arthritic hip joint of a pig (Hampson et al., 1999), as well as being observed in archived 
colonic sections from pigs with colitis (Weissenböck et al., 2005), indicating a potential 
pathogenic role.  
1.2.3.6 “Brachyspira canis”  
Duhamel et al. (1998) proposed “Brachyspira canis” as a new member of the genus in 
1998. This bacteria is indole negative and weakly β-haemolytic. It has been isolated 
from healthy dogs and puppies and is considered a non-pathogenic commensal of the 
dog colon (Duhamel et al., 1998, Oxberry and Hampson, 2003a). A multilocus enzyme 
electrophoresis (MLEE) study found that this spirochaete formed a new cluster separate 
from other Brachyspira spp. (Duhamel et al., 1998).  
1.2.3.7 “Brachyspira pulli”  
“Brachyspira pulli” is weakly haemolytic and lacks consistent phenotypic and genetic 
characteristics (McLaren et al., 1997). These spirochaetes have been isolated from 
chickens in Western Australia, Queensland and the Netherlands (McLaren et al., 1996,  
Phillips and Hampson, 2005, Stephens et al., 2005). They induced mild pathogenicity                                                                                               Chapter I: Literature Review 
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when broiler chickens were challenged with this species (Hampson and McLaren, 
1997). However, their pathogenic potential is still unclear.  
1.2.3.8 “Brachyspira suanatina”  
“Brachyspira suanatina” is strongly haemolytic. These spirochaetes were isolated from 
pigs showing clinical signs of SD, but were negative in a B. hyodysenteriae PCR 
(Råsbäck et al., 2007a). This bacterium is considered pathogenic because challenge of 
weaned pigs with isolates from pigs and mallard ducks resulted in dysentery (Råsbäck 
et al., 2007a). Other than the report of Råsbäck et al. (2007a), there has been little 
information about this organism. 
1.2.4 Brachyspira aalborgi 
In this and the following section, the morphology and biochemical properties of each of 
the two main species of Brachyspira which infect humans, B. aalborgi and B. pilosicoli 
will be described in detail. This will include their history, morphology, growth 
characteristics, and distribution in species other than humans. This will provide a 
background to subsequent sections in which the role of these bacteria in humans is 
described.  
1.2.4.1 History and taxonomy of Brachyspira aalborgi 
The history of B. aalborgi is described together with B. pilosicoli in Section 1.3.1. The 
taxonomy and name change of B. pilosicoli has already been described in Section 1.2.1.                                                                                                Chapter I: Literature Review 
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1.2.4.2 Morphology and growth characteristics of Brachyspira aalborgi 
Cells of B. aalborgi are shorter, thinner and more flexible than of other intestinal 
spirochaetes. They are comma or helical shaped with 1-1.5 wavelength/cell, 1.7-6 µm in 
length and 0.2 µm in diameter with 4 periplasmic flagella inserted at each of their 
pointed cell ends (Hovind-Hougen et al., 1982). 
Brachyspira aalborgi is catalase, oxidase, esterase lipase (C8), α-glucosidase and β-
glucosidase negative (Lee and Hampson, 1992, Sellwood, 1997, Munshi et al., 2003b). 
It does not produce acetate, butyrate and ethanol, esterase C4 or alkaline phosphatase 
(Hovind-Hougen et al., 1982). 
Brachyspira aalborgi grows at 37
oC or 38.5
oC after 10 to 21 days in an atmosphere of 
5% CO2 – 95% H2 or 20% CO2 – 80% H2. The optimum temperature for growth is 
38.5
oC in an atmosphere of 5% CO2 – 95% H2. Brachyspira aalborgi does not grow at 
30
oC or 42.5
oC or in 50% CO2 – 50% H2 (Hovind-Hougen et al., 1982, Brooke et al., 
2003b). On blood agar plates, B. aalborgi colonies look like a thin haze after 2-3 weeks 
incubation (Hovind-Hougen et al., 1982). Two types of colonies have been observed: a 
clear rough-edged colony with weak β-haemolysis and a pinpoint smooth-edged colony 
without haemolytic activity (Hovind-Hougen et al., 1982). 
1.2.4.3 Brachyspira aalborgi in humans 
The history and prevalence of B. aalborgi in humans is described in Section 1.3.1.                                                                                                Chapter I: Literature Review 
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1.2.4.4 Distribution of B. aalborgi in animals 
Other than humans, B. aalborgi has been isolated from non-human primates (Duhamel 
et al., 1997, Munshi et al., 2003b, Mikosza et al., 2004) and possibly opossums 
(Duhamel et al., 1998a). In non-human primates, B. aalborgi was isolated from the 
faeces of Old World (Catarrhine) monkeys including vervet monkeys, Japanese and 
Tonkean macaques and Hamadrys baboons, but not in New World (Platyrrhine) 
monkeys held at a zoological garden (Munshi et al., 2003b). However, B. aalborgi was 
not detected in the faeces of birds, reptiles, and marsupials sampled from the same 
place. Primates colonised by B. aalborgi mostly do not show any intestinal signs, gross 
lesions or mucosal inflammation, thus the spirochaete has been regarded as non-
pathogenic in these species (Takeuchi et al., 1974, Pearson et al., 1985).  
1.2.5 Brachyspira pilosicoli 
1.2.5.1 History and taxonomy of B. pilosicoli 
The taxonomy and history of the name change of B. pilosicoli has been described in 
Section 1.2.1. The detailed history of B. pilosicoli in humans is described in Section 
1.3.1. 
1.2.5.2 Morphology and growth characteristics of B. pilosicoli 
Brachyspira pilosicoli cells have a length of 4-12µm and a diameter of 0.2-0.4 µm, and 
are shorter and thinner than most other species of Brachyspira (Sellwood and Bland, 
1997). They generally have more pointed ends than B. hyodysenteriae, B. innocens, B. 
intermedia and B. murdochii (Lee and Hampson, 1994, Sellwood and Bland, 1997),                                                                                               Chapter I: Literature Review 
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although some strains have been reported to have one pointed end and one blunt end 
(Dettori et al., 1987) (Figure 1.2). Brachyspira pilosicoli has 8-14 periplasmic flagella 
inserted sub-terminally into each cell end, arranged in a single row (Lee et al., 1993a, 
Lee et al., 1993c). 
 
 
Figure 1.2  Electron micrograph of B. pilosicoli strain HRM 12. 
(Bar  =  1.5  m,  negatively  stained  with  2%  phosphotungstic  acid).  From: 
Sellwood and Bland, 1997.  
 
Brachyspira pilosicoli is oxidase, catalase and indole negative, and produces esterase C4 
and C8, acetate, butyrate, ethanol, alkaline phosphatase, carbon dioxide and hydrogen 
(Hovind-Hougen et al., 1982, Sanna et al., 1984, Dettori et al., 1989, Barrett, 1990, Lee 
and Hampson, 1992). Some variable results may occur for indole, acid phosphatase, α-
galactosidase, α-glucosidase and hippurate reactions (Tompkins et al., 1986, Muniappa 
et al., 1997, Hommez et al., 1998, Fossi et al., 2004, Fossi et al., 2005). Brachyspira 
pilosicoli can be differentiated from other Brachyspira species from the fermentation of 
D-ribose (Duhamel et al., 1995b, Fellström et al., 1995, Trott et al., 1996d).                                                                                               Chapter I: Literature Review 
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Brachyspira pilosicoli does not grow at 30, 32 or 45
oC, and the doubling time at 38
oC is 
1-2 hours in brain heart infusion broth (BHIB) with 10% foetal calf serum (Tompkins et 
al., 1986, Stanton and Lebo, 1988, Duhamel and Joens, 1994, Stanton et al., 1997). 
Brachyspira pilosicoli grows anaerobically but can tolerate up to 5-7% oxygen (Stanton 
et al., 1995, Kennedy et al., 1996, Trott et al., 1996d). On blood agar plates, colonies of 
B. pilosicoli are weakly β-haemolytic, and appear after 3-10 days of incubation (Lee and 
Hampson, 1992). Three types of colonial morphologies have been described; one type is 
<1 mm in diameter, convex, translucent and grey, the second is 1-1.5 mm in diameter, 
mucoid, grey and translucent, and the third is a flat thin haze (Barrett., 1990, Trivett-
Moore et al., 1998). 
1.2.5.3 Brachyspira pilosicoli in humans 
The history and prevalence of B. pilosicoli in humans is described in Section 1.3.1.  
1.2.5.4 Brachyspira pilosicoli in pigs 
Brachyspira pilosicoli was first isolated from pigs by Taylor and colleagues (Taylor et 
al., 1980). It is now recognised as the aetiological agent of a mild colitis in pigs, known 
as porcine intestinal spirochaetosis (PIS) (Trott et al., 1996b), spirochaetal diarrhoea 
(Taylor et al., 1980) or porcine colonic spirochaetosis (Duhamel et al., 1995a, Girard et 
al., 1995). Porcine intestinal spirochaetosis causes significant production problems in 
many countries, including Australia (Hampson, 1991), Brazil (Barcellos et al., 2000), 
Canada (Spearman et al., 1988, Jacques et al., 1989, Girard et al., 1995), Denmark 
(Moller et al, 1998), Finland (Fossi et al., 2003), Korea (Choi et al., 2002), Spain 
(Arriba et al., 2002), Sweden (Fellström and Gunnarsson, 1995, Fellström et al., 1996b,                                                                                               Chapter I: Literature Review 
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Fossi et al., 2003), the UK (Taylor et al., 1980, Taylor, 1992) and the USA (Duhamel et 
al., 1993, Duhamel et al., 1995a).  
Porcine intestinal spirochaetosis often occurs 7 to 14 days post-weaning, and is 
associated with stresses of introducing new diets, but disease can also occur in older 
growing animals and occasionally in breeding stock recently introduced into a herd 
(Spearman et al., 1988, Taylor, 1992, Girard et al., 1995). The incubation period is 5 to 
16 days following experimental challenge and approximately 7 days in natural 
infections (Taylor et al., 1980). Early signs include a slightly decreased feed conversion 
rate, depressed growth rate, loss of weight, and the production of wet sticky faeces 
similar to wet cement that can develop to watery diarrhoea 1-3 days later. Porcine 
intestinal spirochaetosis may result in mucoid diarrhoea, but there is no blood and often 
the disease is self-limiting within 5 to 7 days, however it can last up to 14 days and 
recur (Taylor et al., 1980, Trott et al., 1996d, Taylor and Trott, 1997). The colour of the 
faeces may vary from grey to brown with an oily appearance on the surface. The body 
temperature may increase to 40-41
oC. A reduction in growth rate of up to 40% may 
occur and result in groups of pigs of uneven sizes.  
The histological appearance of PIS is characterised by the presence of large numbers of 
spirochaetes attached end-on to the mucosa of the colon, causing a brush border effect 
that is similar to that found in humans, chickens and mice colonised with this bacterium 
(Taylor et al., 1980, Spearman et al., 1988, Duhamel et al., 1993, Girard et al., 1995, 
Trott et al., 1995, Trott et al., 1996 b-d , Muniappa et al., 1997, Trott and Hampson, 
1998,  Jensen et al., 2004) (Figure 1.3).                                                                                               Chapter I: Literature Review 
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A presumptive diagnosis of PIS is based on clinical signs, and can be confirmed by the 
isolation or identification of B. pilosicoli in the faeces and confirmation by PCR 
(Hampson and Trott, 1995, Hampson and Trott, 1999). 
 
 
 
 
Figure  1.3  Haematoxylin-Eosin  stained  section  of  caecal  tissue  of  a  chicken 
experimentally  infected  with  B.  pilosicoli  strain  WesB.  A  massive  number  of 
spirochaetes can be seen attached end-on to the epithelium appearing as a dark 
fringe or “false brush” border. From: Trott et al., 1995. 
 
1.2.5.5 Brachyspira pilosicoli in other animals 
Besides pigs, B. pilosicoli has been isolated from dogs with or without diarrhoea (Turek 
and Meyer, 1977, Duhamel et al., 1995b, Duhamel et al., 1996, Lee and Hampson, 
1996, Duhamel et al., 1998). Brachyspira pilosicoli has been isolated from 4.1% of 
puppies originating from pet shops (Oxberry and Hampson, 2003a). In an Aboriginal 
community in a remote area of WA, B. pilosicoli were isolated from 1.3% of dogs (Lee                                                                                               Chapter I: Literature Review 
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and Hampson, 1992). In the highlands of Papua New Guinea (PNG), seven of 76 village 
dogs (9.2%) were colonised with intestinal spirochaetes, and four (5.3%) were 
colonised with B. pilosicoli (Trott et al., 1997a). In Sweden, spirochaetes were isolated 
from 66% (21 of 32) of dogs sampled, two of which (6.3%) suffered from diarrhoea and 
were positive for B. pilosicoli (Fellström et al., 2001). Moreover, B. pilosicoli has been 
isolated from beagles with diarrhoea in the USA and in Japan (Duhamel et al., 1996, 
Manabe et al., 2004). It has been suggested that infection in adult dogs may be 
subclinical, and other unknown factors may result in diarrhoea developing (Duhamel et 
al., 1998). 
Brachyspira pilosicoli has been reported from a range of avian species, including layer 
chickens (Gallus domesticus), domestic turkeys (Meleagris gallopavo), common rheas 
(Rhea americana), chiloe widgeons (Anas sibilatrix), pheasants, wild mallards and 
partridges, Australian fresh water birds, pintail ducks (Anas acuta), black swans 
(Cygnus atratus) and American flamingos (Phoenicopterus ruber) (Sagartz et al., 1992, 
Swayne et al., 1992, Swayne et al., 1993, Swayne et al., 1995, Stoutenburg et al., 1995, 
Jensen et al., 1996, McLaren et al., 1996, Trott et al., 1996a, Hampson and Oxberry, 
1997, Oxberry et al., 1998, Stephens and Hampson, 1999, Trampel et al., 1999, Jansson 
et al., 2001, Phillips and Hampson, 2005, Shivaprasad and Duhamel., 2005, Burch et 
al., 2006, Feberwee et al., 2008). In chickens, B. pilosicoli is considered to be a 
pathogen as it has caused delays and reduction in egg production, and reduced egg shell 
quality and increased faecal water content (Trampel et al., 1994, McLaren et al., 1997, 
Stephens and Hampson, 1999, Stephens and Hampson, 2001, Stephens and Hampson, 
2002a). Birds infected with B. pilosicoli show a typical end-on attachment of 
spirochaetes to the luminal surface of the caecal epithelium (Trott et al., 1995). The role 
of B. pilosicoli in other birds is not clear, however Brachyspira pilosicoli has also been                                                                                               Chapter I: Literature Review 
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cultured from the colon of non-human primates. PCR analysis of colonic tissue showed 
that B. aalborgi alone or together with B. pilosicoli was present in rhesus monkeys 
(Macaca mulatta) and crab-eating monkeys (M. fascicularis). Some of the primates had 
diarrhoea or colitis while others were healthy (Duhamel, 1997, Munshi et al., 2003b). 
Moreover, B. pilosicoli has also been reported from a pet guinea pig that had acute 
diarrhoea and vomiting (Helie et al., 2000).  
1.2.5.6 Transmission of intestinal spirochaetes amongst animals 
The transmission of intestinal spirochaetes amongst animals may occur directly from 
animal to animal or indirectly through food and water that are contaminated by faecal 
materials. Transmission from animal to animal was the most likely explanation for the 
finding of puppies positive for B. pilosicoli that had not had contact with other potential 
sources of infection, other than their mother (Oxberry and Hampson, 2003a). Further, 
the ability of B. pilosicoli to be transmitted across species was supported by the report 
that a B. pilosicoli isolate obtained from a boy with diarrhoea was able to induce 
diarrhoea and characteristic lesions when it was used to challenge day-old chickens and 
pigs (Trott et al., 1995, Trott et al., 1996c), and similarly other isolates have been 
transmitted from pigs to pigs and pigs to chickens (Muniappa et al, 1997, Jensen et al., 
2004). 
Wild birds have been considered as a reservoir for infection and vectors of transmission 
to other birds and animals through the contamination of drinking water with faecal 
material containing B. pilosicoli (Oxberry et al., 1998, Jansson et al., 2001). This is 
possibly due to the relative high survivability of the spirochaetes in nature. In human 
faeces, B. pilosicoli could still be cultured after being held at 4
oC for 15 days (Lee and                                                                                               Chapter I: Literature Review 
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Hampson, 1992). Brachyspira pilosicoli has been isolated from lake water, where 
sampled water birds also were positive with B. pilosicoli, and isolates survived for 66 
days at 4
oC and for 4 days at 25
oC (Oxberry et al., 1998). Brachyspira pilosicoli can be 
cultured from experimentally inoculated soil after 119 days at 10
oC, and from soil with 
10% faeces added, and unadulterated faeces for over 210 days (Boye et al., 2001). The 
presence of moisture in the faecal samples maintains the viability of the spirochaetes 
longer than with faeces maintained under dry conditions (Chia and Taylor, 1978, Taylor 
et al., 1985). In farms, wild rodents have been suspected to act as carriers of 
Brachyspira spp. to other animals (Joens and Kinyon, 1982, Hampson, 1991). 
1.2.5.7 Treatment and control of intestinal spirochaetes in animals  
Treatment and control of intestinal spirochaetal infection in pigs and chickens routinely 
involves using antibiotics, including tiamulin, carbadox, lincomycin, dimetridazole or 
tylosin (Burns and Hayes, 1985, Smith et al, 1991, Buller and Hampson, 1994, 
Hampson and Trott 1995, Fellström et al, 1996, Trott et al, 1996c, Swayne and 
McLaren, 1997, Taylor and Trott, 1997, Fossy et al, 2001, Stephens and Hampson 
2002b, Burch and Harding, 2006, Hampson et al, 2006), although the disease tends to 
recur following withdrawal of treatment (Thomson et al., 1998, Hampson and Trott, 
1999). 
It has been reported that diet may affect the microflora of the gastrointestinal system. 
This feature has been used in the control and prevention of intestinal spirochaetal 
infection in animals. For example, a diet consisting of a highly digestible low 
fermentation rice–based diet was shown to reduce colonisation of pigs with B. pilosicoli 
and alleviate PIS (Hampson et al., 1997, Hampson et al., 1998), and prevent                                                                                               Chapter I: Literature Review 
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colonisation with B. hyodysenteriae (Siba et al., 1996). The reason for this protection is 
not clear, but the rice-based diet probably produces less fermentation in the colon, 
making the environment less favourable for the growth of spirochaetes. Alternatively, it 
may produce little substrate for the microflora of the large intestine, which is then 
unable to support the growth of spirochaetes. In addition, rice causes the faeces to be 
drier and lighter than faeces from pigs being fed a wheat and lupin diet, and this 
physical change in the colon may also contribute to the delay in colonisation (Pluske et 
al., 1996, Durmic et al., 1998). 
In contrast, it has been suggested that highly fermentable diets cause an acidic 
environment in the large intestine that may inhibit the growth of spirochaetes 
(Prohaszka and Lukācs, 1984). Diets with a high content of starch polysaccharides and 
oligosaccharides are not well absorbed in the small intestines and pass through to the 
large intestines largely undigested. In turn, this leads to increased bacterial fermentation, 
which creates a favourable environment for intestinal spirochaetes (Siba et al., 1996, 
Trott et al., 1996c). Similar conditions are reported to support the growth of 
enteropathogenic E. coli in the large intestines of pigs (Neef et al., 1994).  
The addition of zinc and vitamin E to the diet can be effective in preventing SD (Teige, 
1982, Dupont et al., 1994, Zhang et al., 1995), however, it is not clear if this may also 
apply to PIS. In chickens, the variety of wheat, and the addition of dietary enzymes and 
zinc bacitracin to the feed has shown to affect the colonisation of B. intermedia. This 
may be due to changes in the intestinal microflora and/or the intestinal 
microenvironment (Hampson et al., 2002, Jamshidi and Hampson, 2002, Phillips et al., 
2004a, Phillips et al., 2004b).                                                                                                Chapter I: Literature Review 
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Vaccines have been used to prevent infection of animals with intestinal spirochaetes. A 
number of different vaccines with variable success have been developed for                  
B. hyodysenteriae including simple bacterins and those based on recombinant proteins 
(Fernie et al., 1983, Hampson et al., 1993, Gabe et al., 1995, La et al., 2004).  
The transmission of intestinal spirochaetes in a farm can be prevented with good 
hygiene and management, including cleaning and disinfection of the facilities and 
control of rodents and wild birds that may act as reservoirs and carriers of intestinal 
spirochaetes (Glock, 1984, Joens, 1986, Hampson and Trott, 1995). Disinfectants such 
as phenol, chlorine, iodine, glutaraldehyde and hydrogen peroxide are effective against 
intestinal spirochaetes (Chia and Taylor, 1978, Phillips et al., 2003). 
1.3 INTESTINAL SPIROCHAETES IN HUMANS 
This section presents the history of studies into intestinal spirochaetes in humans. 
Although intestinal spirochaetes have been recorded in humans since approximately 120 
years ago, there still remains many unknown facts and controversy about their role in 
human health. Currently, B. aalborgi and B. pilosicoli are the only species described in 
humans, although other spirochaetes are suspected to be present (Mikosza et al., 2004). 
The term “human intestinal spirochaetosis” (HIS) will be used to describe the condition 
of the attachment of spirochaetes to the colonic mucosae.                                                                                               Chapter I: Literature Review 
 
                                                                                                                                                                       29 
 
1.3.1 Early research on human intestinal spirochaetes  
1.3.1.1 Intestinal spirochaetes in the era of 1880-1960s 
Spirochaete shaped-bacteria have been observed in the faeces of humans since the late 
1800‟s. Van Leeuwenhoek made the earliest recorded observation of “organisms with a 
spirochaete-like motility”, and in 1884 Escherich was the first to publish his detailed 
observations on spirochaetes present in the faeces of healthy humans, as well as in the 
faeces of babies and adults with diarrhoea (Escherich, 1894 cited in Fantham, 1916b, 
Ruane et al., 1989). Spirochaetal organisms were also observed in the faeces of people 
with gastrointestinal conditions such as cholera, appendicitis, ulcerative colitis, 
carcinoma ventriculi, and chronic amoebic dysentery (Fantham, 1916b, Parr, 1923). 
This was followed by several other reports in people with or without gastrointestinal 
symptoms, with prevalence levels of 3 to 56% in Europeans and 76% in non-Europeans 
(Kowalski et al., 1894, Thomson et al., 1914, Fantham and Cantab, 1916a, Fantham and 
Cantab, 1916b, MacFie and Carter, 1917, MacFie, 1917, Hogue, 1922, Parr, 1923).  
From the initial description of the morphology and drawings of the bacteria, it has been 
suggested that there were at least seven different types of intestinal spirochaetes 
(Thomson et al.,1914). Some of them were named by Werner as Spirochaete eurygyrata 
- “a wide wound form” of 4.6 µm - 7.3 µm in length, and S. stenogyrata “a narrow 
wound form” of 3.5 µm – 6.1 µm in length (Werner cited in Fantham and Cantab, 
1916a). In contrast, Fantham and Cantab (1916b) considered they were the same 
organisms and the variation in length was due to the effect of growth processes. They 
suggested that “Spirochaetea eurygyrata emend. Fantham” was a single species with a 
length of 3 - 15 µm by 0.25 µm. Kowalski named the spirochaetes he observed as         
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could be identical to the S. stenogyrata described by Werner (Thomson et al., 1914). 
During 1923 to 1967 there was very little research published, and this was limited to 
case reports with small numbers of patients. In 1962, Shera suggested that a condition 
associated with granular proctitis, called “strawberry lesions”, linked to vitamin C 
deficiency, was probably caused by intestinal spirochaetes (Shera, 1962).  
Due to incomplete descriptions, the description of new species without sufficient 
supporting evidence, and the difficulty in culturing the spirochaetes, it is difficult to 
correlate one study with another. The observation of spirochaetes in the faeces of both 
healthy and sick individuals led to the assumption that intestinal spirochaetes were non-
pathogenic.  
1.3.1.2 Reawakening interest in the 1960s 
Reawakened interest in intestinal spirochaetes in humans started when Harland and Lee 
(1967) first observed the unusual end-on attachment of spirochaetes to the mucosal 
epithelium in a biopsy of a man with persistent diarrhoea of 3 years duration, and 
named the condition human intestinal spirochaetosis (HIS). Under electron microscopy, 
the bacteria formed a „false brush border‟ with massive numbers of spirochaetes parallel 
to each other and attached with one end to the mucosa of the colon. The spirochaetes 
were tentatively named Borrelia eurygyrata. The development of anaerobic culture 
techniques in the 1980s enabled the culture of some of the intestinal spirochaetes and 
increased interest in these organisms, however, in many studies in which spirochaetes 
were observed in biopsy specimens the organisms were not isolated, and in cases where 
spirochaetes were isolated the organisms were insufficiently characterised. Therefore, 
confusion about the significance of intestinal spirochaetes in humans remained.                                                                                                Chapter I: Literature Review 
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1.3.1.3 HIS caused by B. aalborgi and B. pilosicoli 
Brachyspira aalborgi was first cultured and identified in the colonic biopsies of patients 
from Denmark (Houvind-Hougen et al., 1982). This organism formed a false brush 
border, with a number of spirochaetes parallel to each other and attached with one end 
to the mucosa of the colon in a pattern similar to HIS described by Harland and Lee 
(1967). On the basis of similar histological appearance, subsequent cases of HIS were 
assumed to be caused by B. aalborgi in the years that followed.  
In the meantime, it was found that some of the weakly ß-haemolytic intestinal 
spirochaetes (WBHIS) isolated from pigs with diarrhoea were genetically distinct from 
B. innocens (Lee et al., 1993b). Moreover, one group of the WBHIS isolated from pigs 
were genetically closely related to most of the human isolates available, and were 
distinct from B. aalborgi (Lee and Hampson, 1994). A new genus “Anguillina coli” was 
proposed for this group of porcine and human WBHIS (Lee and Hampson, 1994). This 
organism was then named Serpulina pilosicoli (Trott et al., 1996c) and then was 
renamed Brachyspira pilosicoli in 1997 (Ochiai et al., 1997). The reason for the name 
change is described in Section 1.2.1.5. In addition, it was found that B. pilosicoli 
attached by one cell end to the mucosa of the colon similar to HIS caused by                
B. aalborgi (Trott et al., 1996b, Trott et al., 1996c). Hence, it became evident that at 
least two distinct groups of intestinal spirochaetes colonised humans, and both caused 
HIS (Mikosza and Hampson, 2001). 
Nevertheless, the clinical significance of HIS is still unclear. Some consider it to be a 
cause of chronic diarrhoea and rectal bleeding whilst others consider it has no clinical 
significance (Takeuchi and Zeller, 1972, Goossens et al., 1983, Henrik-Nielsen et al.,                                                                                               Chapter I: Literature Review 
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1985, Mathan and Mathan, 1985, Barrett, 1990, Brooke et al., 2001a, Heine et al., 2001, 
Koteish et al., 2003, Brooke et al., 2006).  
1.3.2 Prevalence of HIS and risk factors for infection  
Even though there have been several studies conducted on the epidemiology of HIS, the 
difficulty in culturing the bacteria and the lack of standardisation between studies has 
led to uncertainty in understanding its real prevalence and risk factors. Nevertheless, 
several authors have suggested the association of HIS with some factors such as: 
  Ethnicity. There is a higher prevalence amongst some ethnic groups living in 
developing countries where there is close interaction and contact between 
extended family members and neighbours.  
  Environment. People living in an environment with inadequate sanitation, poor 
water quality, and poorly developed effluent systems have a greater chance of 
ingesting intestinal spirochaetes through food and water contaminated with 
faecal material. Such an environment is usually found in developing countries. 
  Immunity. Immunocompromised people have greater susceptibility to infection. 
Infection with human immunodeficiency virus (HIV), parasites, and other 
microorganisms in the gastrointestinal tract may suppress the immune system.  
The prevalence of B. pilosicoli and B. aalborgi recorded in apparently healthy and ill 
people from different ethnic groups and countries is shown in Tables 1.3.                                                                                               Chapter I: Literature Review 
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Table 1.3 Prevalence of B. pilosicoli and B. aalborgi in apparently healthy people 
from Australia, India and Papua New Guinea (PNG)* 
 
Country  B. pilosicoli  B. aalborgi  References 
Australia  Non-migrant Westerners ↓ vs 
recent migrants ↑  
Non-migrant Westerners ↑ vs 
Recent migrants ↑   
Brooke et 
al., 2001, 
2006 
Australia  Migrant: Eastern European ↓ 
vs African, Middle Eastern ↑   
Migrant: Eastern European ↑ vs 
African, Middle Eastern ↑ 
Brooke et 
al., 2001, 
2006 
Australia  Rural Westerners ↓ vs rural 
Aborigines ↑ 
Rural Westerners ↑ vs rural 
Aborigines ↑ 
Brooke et 
al., 2001, 
2006 
Australia  Urban Westerners ↓ vs rural 
Aborigines ↑  Urban and rural Westerners ↑  Lee et al., 
1992 
Australia  Urban and rural Westerners ↓   Urban and rural Westerners ↑ 
Brooke et 
al., 2001, 
2006 
Australia  Westerner with HIS ↓  Westerner with HIS ↑  Mikosza et 
al., 1999 
Australia  Westerner with gastrointestinal 
problem ↓  Not Available 
Lee and 
Hampson., 
1992 
Australia  Homosexuals and HIV positive 
Westerners ↑  Not Available 
Trivet-
Moore et 
al., 1998 
India  Urban ↓ and rural Indians ↑  Urban and rural Indians ↑  Munshi et 
al., 2004 
PNG  Urban ↓ and rural ↑  Not Available  Trott  et al., 
1997 
* ↓: low prevalence, ↑: high prevalence 
 
 
Prevalence of B. pilosicoli and B. aalborgi in healthy populations 
Brachyspira pilosicoli is common in healthy indigenous people in developing countries 
but is relatively rare in Western populations (Lee and Hampson 1992, Cunha Ferreira et 
al., 1993, Linboe et al., 1993, Brooke et al., 2001a, 2006). For example, the prevalence 
of B. pilosicoli has been reported as 20-64% in India (Munshi et al., 2004), 23% in PNG 
(Trott et al., 1997a), 26.7% in Oman (Barrett, 1990) and 23% in Rwanda (Goossens et 
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developing countries, or people who had recently visited or travelled to developing 
countries. For example, Brooke et al. (2001a) reported that B. pilosicoli was 
significantly more common in migrants to Australia who originated from Africa, the 
Middle East and Asia (14-25%) compared to migrants of European origin (3.2%). 
Furthermore, only 1.5% of 1527 people in the UK were positive for B. pilosicoli 
(Tompkins et al., 1986). All these positive people were of Indian ethnicity and 12 had 
visited or were residents of the Indian subcontinent in the 6 months prior to the study.  
The prevalence of B. aalborgi in healthy people is not influenced by ethnic group or 
living in a rural environment (Brooke et al., 2001a, 2006). Brachyspira aalborgi has 
been detected in the faeces of healthy Indonesians (22.2%) and Indians (6%) (Munshi et 
al., 2003a, Munshi et al., 2004). In Australia, Brooke et al., (2001a, 2006) did not find a 
difference in the prevalence of B. aalborgi in recent African, Middle Eastern and 
European migrants (7.9%), Aborigines (6.9%) or non-Aboriginal Australians (5.6%).  
Prevalence of B. pilosicoli and B. aalborgi in patients 
The prevalence of B. pilosicoli in hospitalised patients (except for homosexual males 
and HIV-positive people) is higher in specific ethnic groups and residents of developing 
countries than in developed countries (Goossens et al., 1983, Barrett, 1990, Lee and 
Hampson, 1992, Trott et al., 1997a). For example, B. pilosicoli was isolated from 11.4% 
of 1000 faecal samples taken from hospitalised patients in Oman (Barrett, 1990). In 
contrast, in Perth, Australia, no spirochaetes were found in 222 individuals with 
gastrointestinal tract disorders whose faeces were sent to a pathology service (Lee and 
Hampson, 1992). Similarly, B. pilosicoli was detected in only 0.17% of 1174 colonic 
biopsies from patients with chronic diarrhoea examined in Spain in 1994-2004 (Esteve 
et al., 2006).                                                                                                  Chapter I: Literature Review 
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The prevalence of B. aalborgi, however, is suggested to be higher than B. pilosicoli in 
patients in Western societies (Mikosza et al., 1999, 2001, 2003, Brooke et al., 2001a, 
2006). For example, Mikosza et al. (1999) reported a prevalence of 85.7% for              
B. aalborgi and 14.3% for B. pilosicoli from colonic biopsy specimens from Australians 
with HIS. However, similar to B. pilosicoli, B. aalborgi was rarely found in patients 
with chronic diarrhoea from Spain (Esteve et al., 2006) or the Netherlands (Mikosza et 
al., 2003).    
In homosexual males and HIV-positive patients, intestinal spirochaetes have been 
observed in up to 54% of colorectal biopsies from Australia, the UK, the USA and 
Germany (Dobbins et al., 1985, McMillan et al., 1986, Tompkins et al., 1986, Surawicz 
et al., 1987, Kasbohrer et al., 1990, Law et al., 1994, Trivet-Moore et al., 1998). Trivet-
Moore et al. (1998) reported finding B. pilosicoli in 54% of such patients in Australia. 
Unfortunately there have not been any reports on the prevalence in homosexual males 
and HIV-positive patients from developing countries. 
Summaries of HIS case and case-control studies from 1967 to 2008, the prevalence in 
heterosexuals from 1916 to 2008, and in homosexual males from 1981 to 2008 are 
shown in Appendix A, Tables 1-3. 
1.3.2.1 The influence of ethnicity and environment on the prevalence of 
Brachyspira  
Factors which predispose to the high rate of colonisation with B. pilosicoli in humans in 
developing countries have not been confirmed, however environmental factors such as 
poor sanitation and hygiene, and the use of unchlorinated water may lead to 
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oral route. Trott et al. (1997a) reported that the prevalence of B. pilosicoli in one village 
in PNG, which had a chlorinated drinking water supply, was only 8.6% compared to 
three other villages that used untreated water and had prevalences of between 22.6 and 
30.1%. Inadequate nutrition leading to a weak immune system is also common in 
people living in rural areas of developing countries (Lee and Hampson, 1992, Trott et 
al., 1997a, Oxberry et al., 1998).  
Some studies have indicated that ethnicity may influence the prevalence of intestinal 
spirochaetes (Macfie, 1917, Tompkins et al., 1986, Barret, 1990, Lee and Hampson, 
1992), as has been reported for infections with Salmonella spp., Shigella spp. and 
Campylobacter spp. (Barrett, 1990). Trott et al. (1997a) reported that in PNG,              
B. pilosicoli was detected in 9.3% (5/94) of indigenous people but in none of 76 non-
indigenous people living in an urban environment. It is suggested that ethnic groups 
which have a community structure and culture allowing close interaction and contact 
between extended family members and animals, as well as low socio-economic status 
and poor living conditions, may be predisposed to infection (Lee and Hampson, 1992, 
Trott et al., 1997a, Brooke et al., 2001a, 2006). The high prevalence of B. pilosicoli in 
Australian Aborigines (up to 30%), as compared to non-indigenous people, is believed 
to be associated with their way of life, hygiene and sanitation standards which are 
similar to those found in developing countries (Gracey et al., 1992, Lee and Hampson, 
1992, Brooke et al., 2001a).  
On the other hand the generally good hygienic practices of Westerners have meant that 
there is a low prevalence in this group, irrespective of whether they live in a rural or 
urban area. For example, Brooke et al., (2006) showed that the prevalence of                 
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B. pilosicoli was low amongst Australians living in rural areas, and similarly Trott et al. 
(1997a) reported a low prevalence in expatriates living in an urban setting in PNG. 
The reason why the prevalence of B. aalborgi is not affected by ethnic group has not 
been determined. Brooke et al. (2006) suggested that B. aalborgi is a commensal with 
low pathogenic potential, and occurs in many individuals throughout the world. On the 
other hand, B. pilosicoli is not specifically human adapted and humans can be infected 
by indirect routes such as exposure to water contaminated by excreta of infected 
rodents, birds or humans (Oxberry and Hampson, 2003, Brooke et al., 2006). Humans 
may also be infected with B. pilosicoli by direct transmission from other humans, 
particularly those living in a highly populated area with a close community structure 
allowing close interaction and contact (Trott et al., 1997a, Brooke et al., 2006).  
1.3.2.2 The influence of homosexuality or immunodeficiency on 
infection with Brachyspira  
Kaplan and Takeuchi (1979) were the first to culture and isolate intestinal spirochaetes 
from homosexual patients. Various studies have found a higher prevalence and more 
invasive spirochaetal infections in homosexuals and HIV positive patients than in 
heterosexuals or HIV negative patients. A prevalence of between 33 and 55% has been 
reported amongst homosexuals from Western countries (Appendix A, Table 3), 
compared to 0 to 8% in the heterosexual male population (McMillan and Lee, 1981, 
Cooper et al., 1986, Surawicz et al., 1987).  
It has been assumed that in homosexuals, localised trauma, deposition of semen or 
sexually transmissible organisms lead to a suppression of mucosal immunity in the 
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This is probably a reason why homosexuals are more predisposed to rectal and bowel 
disorders than heterosexuals (Jones et al., 1986, Surawicz et al., 1987). Law et al. 
(1994) proposed that rectal spirochaetosis could be an early symptom of altered bowel 
immunity. It has also been suggested that intestinal spirochaetes should be considered in 
homosexual patients who are suffering from unexplained diarrhoea or rectal bleeding 
(Cotton et al., 1984).  
1.3.2.3 The influence of age on the prevalence of intestinal 
spirochaetosis 
There have been no consistent findings of the effect of age on infection with                 
B. pilosicoli. It has been reported that children older than two years are more susceptible 
to infection than are those two years or younger (Lee and Hampson, 1992, Trott et al., 
1997a, Brooke et al., 2001a). Brooke (2003) reported that amongst samples from 
Australian Aborigines, significantly more children between two and five years of age 
were positive for B. pilosicoli (46.7%) than were those less than two years of age 
(20.0%), or greater than five years old (33.3%).  
It has been suggested that children less than two years are less susceptible than older 
children due to the presence of passive immunity, the limited intake of solid foods, or 
from having less contact with other people or animals (Trott et al., 1997a). This is 
similar to the situation in pigs, where weaners are more susceptible to infection with    
B. hyodysenteriae than are suckling pigs (Trott et al., 1996b). Hughes et al. (1977) 
suggested that larger and older pigs may be less susceptible to infection because of the 
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immune response, as well as the maturation of the alimentary digestive capacity and the 
presence of antibacterial secretions. 
On the other hand, in a study in PNG, Trott et al. (1997a) found that age did not 
significantly influence the prevalence of B. pilosicoli carriage, although children less 
than two years old had the lowest prevalence. 
Similarly, the prevalence of B. aalborgi was not significantly different in different age 
group populations from rural Westerners, and rural Aborigines and rural Indians 
(Munshi et al., 2004, Brooke, 2006).  
1.3.2.4 The influence of gender on the prevalence of spirochaetosis  
Gender does not appear to affect the predilection for infection with either B. pilosicoli 
or B. aalborgi (Barrett, 1997, Lee and Hampson, 1992, Linboe et al., 1993, Brooke, 
2003). Brooke (2003) reported that there was no significant difference in the prevalence 
of B. pilosicoli and B. aalborgi between female and male Australian Aborigines. 
Similarly, there was no significant difference in the prevalence of B. pilosicoli between 
genders in Asians, Eastern Europeans, or Middle Eastern individuals who were sampled 
on entering Western Australia (Brooke et al., 2001a). There was also no significant 
difference observed between male and female indigenous Papuans in the carriage of     
B. pilosicoli (Trott et al., 1997a).                                                                                               Chapter I: Literature Review 
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1.3.3 Symptoms and significance of HIS 
1.3.3.1 Incubation period and the length of infection 
There is little information available about the incubation period of HIS. In a study 
where a human volunteer ingested approximately 2.9 x 10
9 cells of B. pilosicoli, the 
incubation period for the development of clinical symptoms was 30 days (Oxberry et 
al., 1998). Subsequently the bacteria were isolated from faecal samples from 34 to 52 
days after challenge, when the spirochaetes were removed by treatment with 
metronidazole.  
In people from developing countries, where the presence of HIS was not commonly 
associated with gastrointestinal symptoms, colonisation with B. pilosicoli and               
B. aalborgi has been reported to be at least one and up to five months (Lee and 
Hampson 1992, Trott et al., 1997a, Munshi et al., 2004, Brooke et al., 2006)  
In severe cases in Westerners, HIS has been suggested to cause chronic gastrointestinal 
symptoms lasting for several weeks up to several years (see Appendix A, Table 1).  
1.3.3.2 Gastrointestinal symptoms 
The commonly reported gastrointestinal symptoms associated with the presence of HIS 
are diarrhoea, abdominal pain, rectal bleeding, weight loss, and nausea. Diarrhoea can 
be chronic, contain blood or mucus, or there can be acute colicky pain resembling that 
of appendicitis. In a study where a healthy male volunteer ingested approximately 2.9 x 
10
9 B. pilosicoli, the clinical symptoms included nausea, headache and abdominal 
bloating (Oxberry et al., 1998). Case and case-control studies have reported that the 
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parts of the world has been associated with non-specific gastrointestinal symptoms, 
such as nausea, rectal discomfort, and long-standing diarrhoea, pain in the lower 
abdomen, constipation, anal itch, rectal bleeding, or abdominal pain resembling 
appendicitis (see Appendix A, Table 1). Recently, B. aalborgi was reported in 85.6% of 
colonic biopsy specimens showing end-on attachment of spirochaetes, and in 6.9% of 
faecal samples from Aboriginal patients suffering from gastrointestinal symptoms 
(Mikosza et al., 1999, Brooke et al., 2001a, Brooke et al., 2006). Several case studies 
have also reported the association of B. aalborgi with gastrointestinal symptoms in 
Australia (Mikosza and Hampson 1999, Heine et al., 2001), Italy (Calderaro et al., 
2003, Calderaro et al., 2006, 2007a,b), Sweden (Kraaz et al., 2000), Spain (Esteve et 
al., 2006), Denmark (Jensen et al., 2004), Japan (Tasu et al., 2003, Abe et al., 2006) and 
Germany (Weisheit et al., 2007).  
Intestinal spirochaetes in the human gastrointestinal tract could be commensal, as 
suggested by several studies (Takeuchi and Zeller, 1972, Goossens et al., 1983, Henrik-
Nielsen et al., 1985, Mathan and Mathan, 1985, Barrett, 1990, Brooke et al., 2001a, 
Brooke et al., 2006). However, several studies have also suggested that B. pilosicoli, as 
well as B. aalborgi, may become pathogenic under certain circumstances, such as in 
individuals with a poor immune status (Heine et al., 2001, Koteish et al., 2003, Munshi 
et al., 2003a, Munshi et al., 2004,  Brooke et al., 2006).  
The exact mechanism(s) by which intestinal spirochaetes induce gastrointestinal 
symptoms such as diarrhoea is not fully understood. One of the possibilities is that the 
presence of large numbers of bacteria on the epithelial surface of the large intestine may 
cause malabsorption and affect secretory mechanism pathways (Gad et al., 1977, 
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colonisation in the epithelium may be sparse to extensive, with 3 to 40-spirochaetes/cell 
to up to 1,700 cells/mm
2 (Takeuchi et al., 1974, Gad et al., 1977, Cooper et al., 1986, 
Linboe et al., 1993, Jensen et al., 2001). Another hypothesis is that stunting or ablation 
of microvilli would cause a blocking of passive absorption without causing an 
inflammatory response (Cooper et al., 1986, Padmanabhan et al., 1996). Alternatively, 
the spirochaetes may cause an irritation to goblet cells, which leads to over-production 
of mucus (Gad et al., 1977, Kraaz et al., 2000). Subsequently, this condition could 
cause disturbance of secretory and absorptive mechanisms that lead to diarrhoea and 
other gastrointestinal symptoms. Alternatively, the spirochaetes, which have been 
observed in intestinal Schwann cells, may cause an interference of neural signalling 
leading to altered colonic motility (Antonakopoulos et al., 1982, Padmanabhan et al., 
1996). However, it has also been suggested that individuals with diarrhoea are more 
likely to be positive in tests for spirochaetes because of the flushing of the bacteria from 
the intestinal crypts during the process of diarrhoea (Leach et al., 1973). Similarly, it 
has been reported that the administration of laxative drugs resulted in the appearance of 
large numbers of spirochaetes in the faeces (Leach et al., 1973, Turek and Meyer, 
1977). 
The controversy regarding the pathogenic significance of B. aalborgi and B. pilosicoli 
in humans is still unresolved. 
1.3.3.3 Spirochaetemia and other conditions 
Brachyspira pilosicoli has been isolated from the mesenteric lymph nodes of 
experimentally infected pigs, and B. murdochii from the joint fluid of a pig with arthritis 
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intestinal spirochaetes accessing organs other than the large intestine, as well as 
highlighting the potential for spirochaetemia. The first case of spirochaetemia in 
humans was reported in a French patient with haemorrhagic colitis (Lambert and 
Goursot, 1982). Subsequently it was reported in six French patients with peritonitis and 
myelomas, and B. pilosicoli was cultured from the blood of all six patients (Fournié-
Amazouz et al., 1995, Trott et al., 1997b). Brachyspira pilosicoli has also been detected 
in the blood of an American patient who had AIDS and a Kaposi‟s sarcoma and was 
receiving chemotherapy (Trott et al., 1997b), and in a Greek patient who suffered from 
non-Hodgkin‟s lymphoma and who died from hepatic encephalopathy as a result of 
multiple organ failure with intravascular coagulation (Kanavaki et al., 2002).  
Uncharacterised spirochaete shaped bacteria have been observed in the blood, as well as 
in the cerebrospinal fluid, of four patients with Alzheimer‟s disease (AD), but not in 13 
patients without AD (Miklossy, 1993). It has been suggested that the spirochaetes may 
invade the brain via the vascular system, during the early stage of the disease, and 
remain latent for up to 43 years (Vinken and Bruyn, 1978 cited by Miklossy 1993). 
1.3.3.4 Biopsy and histological observations of HIS  
Spirochaetes have been observed in all parts of the large intestine, but rarely in the small 
intestine (Harland and Lee, 1967, Takeuchi et al., 1974, Gad et al., 1977, Mooney et al., 
1988, Linboe et al., 1993). 
Colonisation with spirochaetes can be extensive, and they can be found in many sites 
throughout the large intestine (Willen et al., 1977, Prior et al., 1987, Linboe et al., 1993, 
Lo et al., 1994, Guccion et al., 1995, Kostman et al., 1995, Mikosza et al., 2001a), or 
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et al., 1994). In a study on 1205 patients, spirochaetes were observed in 2.5% of rectal 
samples, 1.9% of samples from the caecum and ascending colon, 1.5% of samples of 
the transverse colon, 1.3% from the descending colon and 1.2% from the sigmoideum 
(Linboe et al., 1993). Takeuchi et al. (1974) observed the presence of spirochaetes in 
2.1% of appendices, 4% of samples of the sigmoid colon and none of 107 rectal 
sections. Furthermore, in the appendix attached spirochaetes are more common in the 
vermiform region than in other parts. Willen et al. (1985) reported the absence of 
spirochaetes in the small intestines even in cases with large numbers in the colon. 
Histological observations from humans and animals infected with B. pilosicoli and      
B. aalborgi have shown that spirochaetes are usually restricted to the lumen of the large 
intestine. The blue line of approximately 3µm thickness at the brush border of the 
epithelial surface, that is apparent after staining with Haematoxylin-Eosin, is considered 
pathognomonic (Figures 1.4 and 1.5). 
 
Figure 1.4 Photomicrograph of histological section of colonic tissue showing a 
false  brush  border  of  B.  aalborgi  (Bar  =  10  m,  stained  with  Haematoxylin-
Eosin). From: Mikosza et al. 1999.                                                                                                Chapter I: Literature Review 
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Figure  1.5  Scanning  electron  micrograph  of  B.  pilosicoli  showing  end-on 
attachment  to  the  luminal  surface  of  the  mucosal  cells  of  the  colon  in  a  pig. 
From: Sellwood and Bland 1977. 
Observations using a transmission electron microscope showed the perpendicular 
alignment of the spirochaetes to the host mucosal epithelium without other significant 
pathological changes in the tissue (Trott et al., 1995, Kraaz et al., 2000, Heine et al., 
2001, Marthinsen et al., 2002, Umeno et al., 2007) (Figure 1.5). Spirochaetes are rarely 
seen within the crypts or attaching to neoplastic epithelial cells (Harland and Lee, 1967, 
Lee et al., 1971, Linboe et al., 1993). At the point of attachment, an invagination into 
host cellular membranes of the enterocytes causes displacement of microvilli and loss of 
the glycocalyx (Trott et al., 1996b, Sacco et al., 1997).  
1.3.4 Mode of Transmission 
It has been suggested that human to human transmission or animal to human 
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between the presence of Brachyspira spp. and intestinal protozoa suggests transmission 
through faecal exposure (Law et al., 1994, Brooke et al., 2001a, Brooke at al., 2006, 
Calderaro et al., 2007). This was supported by finding isolates of B. pilosicoli with 
identical pulsed field gel electrophoresis (PFGE) profiles from dogs and humans living 
in the same community in PNG (Trott et al., 1997a). Furthermore, the high prevalence 
of B. pilosicoli in humans (22.8%) and low prevalence in dogs (5.3%) suggests that 
dogs are not the primary reservoir. Further, closely related strains of B. pilosicoli, as 
determined by multilocus enzyme electrophoresis (MLEE), were recovered from 
Aboriginal children and a dog from the Kimberley region, a remote area in the north–
west of Western Australia. The dog lived with the children, and both had diarrhoea at 
the time of sampling (Lee and Hampson, 1994). Furthermore, intestinal spirochaetes 
isolated from dogs in Europe (Koopman et al., 1993) and the USA (Duhamel et al., 
1995b) have been shown to be closely related to isolates from humans. In homosexual 
males, spirochaetes could be sexually transmitted (McMillan and Lee, 1981), although, 
Law et al. (1994) suggested that the transmission among homosexual men is most likely 
through oro-anal contact.  
1.3.5 Treatment  
In most cases, treatment with antibiotics has been successful at removing HIS and 
associated symptoms. In vitro, B. pilosicoli of human origin have been found to be 
sensitive to metronidazole, ceftriaxone, meropenen, moxifloxacin, tetracycline, fusidic 
acid, erythromycin, chloramphenicol and rifampicin, but strains resistant to amoxicillin, 
vancomycin, colistin sulphate and other penicillins have been found (Tompkins et al., 
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Metronidazole is the most frequently used antibiotic, and in most cases has been shown 
to stop chronic diarrhoea and reduce abdominal discomfort, and biopsies taken after 
treatment have been free from spirochaetes (Douglas and Crucioli, 1981, Rodgers et al., 
1986, Gebbers et al., 1987, Käsbohrer et al., 1990, Lo et al., 1994, Kostman et al., 
1995, Brito et al., 1996, Peghini et al., 2000, Heine et al., 2001, Kraaz et al., 2001, 
Marthinsen et al., 2002, Calderaro et al., 2003, Calderaro et al., 2006, Esteve, et al., 
2006, Wesheit et al., 2007), although in some cases relapses have occurred (Douglas 
and Crucioli, 1981, Rodgers et al., 1986, Kostman et al., 1995, Heine et al., 2001).  
Other antimicrobial treatments used include neomycin either alone or in combination 
with bacitracin, and this has been used to stop diarrhoea as well as eliminating 
spirochaetes (Gad et al., 1977, Henrik-Nielsen et al., 1983). In another study, neomycin 
in combination with metronidazole removed HIS, but the symptoms remained (White et 
al., 1994). It has been reported that penicillin, ampicillin, or tetracycline have not been 
effective in reducing HIS (Gad et al., 1977, Tompkins et al., 1981, Crucioli and 
Busuttil, 1981, Marthinsen et al., 2002). 
Diet may affect the pathogenicity of intestinal spirochaetes. In one patient, who was 
found to have intestinal spirochaetes on biopsies of the colon and rectum in conjunction 
with symptoms of long standing abdominal discomfort, loose stools, nausea and 
tiredness, symptoms disappeared after changing to a high fibre diet (Padmanabhan et 
al., 1996). Similarly, a 71-year-old patient with intermittent diarrhoea of up to 8 times a 
day, and lower abdominal pain, with spirochaetes present in a rectal biopsy, recovered 
after changing to a diet incorporating bran (Cotton et al., 1984). The change in diet may 
lead to an altered microfloral environment of the gastrointestinal system, which results 
in an unfavourable environment for the intestinal spirochaete to grow. This                                                                                               Chapter I: Literature Review 
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phenomenon also has been reported in experimentally infected pigs, mice and chickens 
kept on different diets (Pluske et al., 1996, Siba et al., 1996, Durmic et al., 1998, 
Hampson et al., 1998,  Hampson et al., 2002, Jamshidi and Hampson, 2002, Phillips et 
al., 2004a, Phillips et al., 2004b). 
1.4 DIAGNOSTIC METHODS FOR INTESTINAL SPIROCHAETES 
1.4.1 Microscopy 
Spirochaetes can be relatively easily detected in faeces or biopsy material by light, 
phase contrast and dark field microscopy, and these techniques can be used for a quick 
presumptive diagnosis (Hovind-Hougen et al., 1982, Cooper et al., 1986, Jones et al., 
1986, Teglbjærg, 1990, Smibert, 1991, Hommez et al., 1998). 
Both transmission and scanning electron microscopy have been used to observe the 
number of flagella and the shape of the cell end to help distinguish between species 
(Takeuchi et al., 1974, Gad et al., 1977, Crucioli and Busuttil, 1981, Antonakopoulos et 
al., 1982, Dettori et al., 1987, Lee et al., 1993c, Lee and Hampson, 1994, Trott et al., 
1996c). However, this method is unable to distinguish some species that are 
morphologically similar, such as B. hyodysenteriae and B. innocens in pigs, and           
B. pilosicoli and B. aalborgi in humans. 
1.4.2 Culture 
Selective anaerobic culture has been regarded as the standard method to identify 
intestinal spirochaetes in diagnostic samples from animals and humans. Culture of 
intestinal spirochaetes is performed using solid media, eg. agar plates, and liquid media.                                                                                               Chapter I: Literature Review 
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Media for the isolation of intestinal spirochaetes include Columbia agar or Trypticase 
Soy agar (TSA) with the addition of 5-7% defibrinated sheep, horse or bovine blood 
(Stanton and Lebo, 1988, Achacha and Messier, 1992). Culturing intestinal spirochaetes 
is difficult compared to other intestinal bacteria because of their fastidious and slow 
growing nature. This often results in overgrowth of the slow growing spirochaetes. To 
overcome this problem, antibiotics or antifungal substances have been added to the 
culture medium that do not affect the viability of the spirochaetes but inhibit most of the 
intestinal flora found in the faeces. Currently, the most common combination of 
antibiotics added to TSA are: spectinomycin (400 µg/ml) with a variety of other 
antibiotics including rifampicin (15-30 µg/ml), vancomycin (10-25 µg/ml) and colistin 
(5-25 µg/ml) (Jenkinson and Wingar, 1981, Tompkins, 1981, Hovind-Hougen et al., 
1982, Sanna et al., 1982, Goossens et al., 1983, Szynkiewicz and Binek, 1986, Barrett, 
1990, Lee and Hampson, 1992, Calderaro et al., 1997a, Trott et al., 1997a, Brooke et 
al., 2003a). Amphotericin B inhibits the growth of fungal flora and is a useful drug to be 
included with antibiotics for the isolation of spirochaetes from faecal specimens as these 
commonly contain fungi (Calderaro et al., 1997). 
On blood agar plates, colonies of B. aalborgi are difficult to observe and are not visible 
until after two to three weeks of incubation. With illumination by a hand lens, they look 
like a thin haze at the site of inoculation (Hovind-Hougen et al., 1982). After 
subculturing three to four times, two types of colonies may be observed. The first type 
forms clear, flat, rough-edged colonies with weak haemolytic activity. The second type 
forms clear, smooth-edged pinpoint convex colonies without any haemolytic activity 
(Hovind-Hougen et al., 1982, Tompkins et al., 1986, Trott et al., 1996d, Kraaz et al., 
2000, Brooke et al., 2003b). Broth cultures supporting the growth of B. aalborgi include 
Trypticase Soy broth with 5-10% foetal calf serum (Calderaro et al., 2003), Brain Heart                                                                                               Chapter I: Literature Review 
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Infusion broth (BHIB) with 5% calf blood, and Barbour-Stoenner-Kelly medium 
(Sigma, St Louis, MO, USA), a medium for culture of Borrelia spp. (Kraaz et al., 
2000). According to Brooke et al. (2003b) Brain Heart Infusion agar (BHIA) followed 
by Trypticase Soy agar (TSA), both with 10% bovine blood, were the most effective 
base-supplement combination for growth of B. aalborgi compared to Columbia base 
agar, Brucella base agar, Wilkinson Chalgren or anaerobe basal agar.  
In contrast to the strong ß-haemolysis of B. hyodysenteriae, colonies of B. pilosicoli and 
other Brachyspira species are weakly ß-haemolytic. Colonies are flat, transparent and 
spreading, like a film without a clear border. Trivett-Moore et al. (1998) described two 
morphological types of B. pilosicoli colonies on primary culture plates isolated from 
human rectal biopsies. One type was 1-1.5 mm in diameter, mucoid, flat, crenated, grey 
and transparent, and the other was <1mm in diameter, convex, grey and transparent. 
Growth of B. pilosicoli from human faeces usually is apparent after 3-5 days, but 
occasionally the spirochaetes can take up to two weeks to grow (Jones et al., 1986, Lee 
and Hampson, 1992). 
Culture can detect a minimum of 10
4-10
5 cells of B. pilosicoli per 0.2 gram of faeces 
(Atyeo, 1997), 10
5 cells of B. hyodysenteriae per gram of sample material (Kunkle and 
Kinyon, 1988), or 2 x 10
4 cells per gram of faeces (Brooke et al., 2003b).  
Kinyon and Harris (1974) developed the first liquid medium formulated to grow          
B. hyodysenteriae. This consisted of Trypticase Soy broth mixed with 10% foetal calf 
serum (FCS), 10% rabbit serum, 0.4% cysteine hydrochloride, 0.25% glucose, 0.05% 
NaHCO3 and 400 µg/ml spectinomycin (pH 6.9), and was incubated at 37
oC under an 
atmosphere of H2, and/or CO2 (Kinyon and Harris, 1974, Songer et al., 1976). Lemcke 
and Burrows (1979) improved the media by adding 0.001% resazurin as an anaerobic                                                                                               Chapter I: Literature Review 
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indicator and using N2 instead of H2 (Lemcke et al., 1979). Kunkle et al (1986) refined 
the liquid medium with TSB mixed with 2% FCS, 1% yeast extract, 0.5% glucose, 0.2% 
NaHCO3, 0.05% cysteine hydrochloride and either 1.5% ethanolic cholesterol or 5% pig 
faecal extract (pH 6.85) (Kunkle et al., 1986). The growth of intestinal spirochaetes is 
enhanced by the presence of 1% oxygen but is inhibited at levels of 5% or more 
(Stanton and Lebo, 1988). The requirement for a small amount of oxygen is due to the 
presence of the Nicotinamide Adenine Dinucleotide Hydrogen (NADH) oxidase in most 
intestinal spirochaetes (Stanton et al., 1995). This medium has been commonly used to 
grow B. pilosicoli originating from humans (Lee and Hampson, 1992, Trott et al., 1995, 
Trott et al., 1997a, Brooke et al., 2003b). 
1.4.3 Blood culture 
Commercial anaerobic blood culture broths have been used to detect the presence of 
Brachyspira in samples of blood (Fournié-Amazouz et al., 1995, Trott et al., 1997b). 
The isolation of B. pilosicoli from blood was first reported in France in 1982, and this 
was followed in 1995 when the organism was detected in the blood of six patients 
(Lambert and Goursot, 1982, Fournié-Amazouz et al., 1995, Trott et al., 1997b). Five of 
the blood samples were cultured in Hèmoline anaerobic culture bottles (BioMèrieux, 
Marcy L‟Etoile, France) and one in Bio Argos Sanofi diagnostic anaerobic medium 
(Institut Pasteur, Paris, France). 
In Western Australia, Brooke et al. (2001b) reported that no spirochaetes were present 
in 1063 blood samples tested in the automated anaerobic blood culture BACTEC 
(Becton Dickinson Diagnostic instrument System, Sparks, MD, USA) system. 
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and in BacT-Alert (Organon Teknika Corporation, Durham, NC, USA) did not support 
the growth of B. pilosicoli (Brooke et al., 2000). This may account for the failure of 
Brooke et al. (2001b) to detect the presence of spirochaetemia. This is supported by 
evidence that the report of spirochaetemia from France was from a patient whose blood 
did not give a positive signal in an automatic blood culture machine (Fournié-amazouz 
et al., 1995). The „false-negative‟ sample was positive on subculture on agar plates. 
Further, Brooke et al. (2000) reported that in medium inoculated with 10
3-10
6 cells of 
nine strains of B. pilosicoli, the BACTEC machine gave a positive signal after 6 to 15 
days of retention, which exceeded the 5 days normally used to detect bacteraemias in 
clinical diagnostic laboratories. None of the nine strains inoculated gave a positive 
signal in BacT-Alert. Subculture of the inoculated BacT-Alert medium showed that it 
did not support the proliferation of B. pilosicoli.  
Similarly, in a case of spirochaetemia that was reported from the USA, the automated 
blood culture system used (ESP Difco, Detroit- Michigan) failed to give a positive 
signal, although changes in the medium were noticed. The spirochaetes were observed 
on microscopy and subsequently B. pilosicoli was isolated (Trott et al., 1997b). 
1.4.4 Phenotypic characterisation 
The conventional method to distinguish between species of intestinal spirochaetes is by 
assessing their biochemical properties such as indole production, hippurate hydrolysis, 
and α-galactosidase, α-glucosidase and ß-glucosidase activities. Rapid biochemical 
testing of 19 enzymes may be achieved using the commercial API ZYM system 
(BioMérieux) (Hunter and Wood, 1979).                                                                                                Chapter I: Literature Review 
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1.5 MOLECULAR METHODS OF DETECTION AND 
CHARACTERISATION 
The difficulty in growing intestinal spirochaetes in culture, as well as variation amongst 
the bacterial strains, makes conventional culture and biochemical characterisation 
difficult, slow, laborious, and potentially gives ambiguous results. Recently, molecular 
based methods for detection of different genotypes have been developed as alternatives 
for diagnosis and identification of Brachyspira spp.. 
1.5.1 Polymerase Chain Reaction (PCR) 
Specific polymerase chain reaction (PCR) tests have been developed as a rapid means to 
detect the presence of small amounts of DNA of Brachyspira spp. without the need for 
culture. Polymerase chain reactions specific for B. pilosicoli, B. hyodysenteriae,           
B. intermedia, B. innocens, B. aalborgi and B. murdochii have been developed, mainly 
based on 16S rRNA, 23S rRNA and NADH oxidase genes (Atyeo and Hampson, 1995, 
Harel and Forget, 1995, Park et al., 1995, , Fellström et al., 1996a, Fellström et al., 
1997, Leser et al., 1997, Atyeo et al., 1998, Atyeo et al., 1999b, Mikosza et al., 1999, 
Kraaz et al., 2000, Suriyaarachchi et al., 2000, Mikosza et al., 2001b). 
The various PCRs have been used to identify or to confirm the species of Brachyspira 
using DNA obtained from cultures using whole boiled cells (Park et al., 1995) or 
phenol-chloroform methods of extraction (Turner et al., 1995), from growth on primary 
plates (Atyeo, 1997, Atyeo et al., 1998), from faecal material (Atyeo, 1997, Atyeo et 
al., 1998, Mikosza et al., 2001b) and from intestinal biopsy tissue (Mikosza et al., 
1999). The level of detection of DNA with PCR has been reported to be 10 ng (Combs 
et al., 1994) and 100-500 pg for B. hyodysenteriae, and 10-100 pg for B. pilosicoli                                                                                               Chapter I: Literature Review 
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(Atyeo, 1997, Atyeo et al., 1998). When used on samples plated from seeded faeces, 
PCR detected 10
3-10
4 cells of B. hyodysenteriae and 10
4 cells of B. pilosicoli (Atyeo et 
al., 1998); or 10
2-10
3 cells of B. aalborgi and 10
3-10
5 cells of B. pilosicoli (Mikosza et 
al., 2001b). 
Furthermore, PCR can detect 1.4 x 10
4 B. pilosicoli cells in 0.2 g pig faeces suspended 
in 100 l broth after 2 days incubation, and 15 cells after 7 days incubation (Fellström et 
al., 1997), or 10 cells of B. hyodysenteriae in purified DNA and 10
4 cells in 0.1 g faeces 
(Harel and Forget, 1995). 
Atyeo et al. (1997) developed Culture Re-suspension Diatomaceous Earth Extraction 
(CRDEX) and „toothpick‟ methods for obtaining Brachyspira DNA for PCR. The 
CRDEX involves the extraction and binding of DNA from growth on primary plates, 
then testing with the PCR. This is useful in the case of Brachyspira spp. as they are 
often observed on primary plates but fail to grow on subculture. By using this method 
the presence of dead or stressed spirochaetes that will not grow in culture can still be 
detected. The level of detection of CRDEX is similar to, or more sensitive than, that of 
culture, being approximately 10
3-10
4 spirochaetes in 0.2 g faeces. For example, Oxberry 
et al. (1998) reported that CRDEX and PCR for B. pilosicoli gave 47% (8/17) positive 
results compared to 12% (2/17) from culture of waterbird faeces. Similarly, Oxberry 
and Hampson (2003a) found that 14.2% (7/49) of dog faeces were positive with 
CRDEX and PCR compared to 4% (2/49) by culture. CRDEX and PCR have been used 
to identify B. hyodysenteriae in clinical cases of disease and for detecting healthy carrier 
pigs (Jensen, et al., 1992, Combs et al., 1994, Elder et al., 1994, Atyeo et al., 1995, 
Harel et al., 1995, Atyeo et al., 1998). It has also been used to identify B. pilosicoli (Lee 
et al., 1993b, Park et al.,1995) and B. intermedia (Leser et al., 1997) in pigs.                                                                                                Chapter I: Literature Review 
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With the „toothpick‟ method, a sterile toothpick is used to touch the surface of the 
culture and this material is used in the PCR, omitting the extraction steps. This method 
is simple and quick. A disadvantage is the presence of false negative reactions due to 
the presence of faecal material that may inhibit the PCR reaction, or from insufficient 
DNA being picked up by the toothpick (Atyeo, 1997).  
Mikosza et al. (2001a) and Mikosza and Hampson (2003) developed a PCR that 
detected the presence of B. pilosicoli and B. aalborgi DNA directly from human faeces. 
Chromosomal DNA was extracted and purified using commercially available mini-prep 
columns (ETquick Tissue DNA Spin Column Genomed GmH; Bad Oeynhausen, 
Germany). The solution was then amplified using specific PCR reactions for either      
B. pilosicoli or B. aalborgi. By using this method, the detection level of the PCR for    
B. aalborgi cells ranged from 5x10
4 to 5x10
7 per g of human faeces, which 
corresponded to 2x10
2 to 2x10
3 cells per PCR reaction. The sensitivity of the B. 
pilosicoli specific PCR was 1x10
5 to 1x10
7 g of faeces, corresponding with 7x10
3 to 
7x10
5 cells per PCR reaction (Mikosza et al., 2001a).  
A PCR has also been developed to detect B. pilosicoli and B. aalborgi in paraffin 
embedded biopsy tissues. This involves de-waxing with the use of xylene, then 
digestion of the tissue with proteinase K and extraction of the DNA. The chromosomal 
DNA is then amplified using PCR. This has been reported to be the best technique for 
detecting B. aalborgi, given the difficulty in culturing this organism (Mikosza et al., 
1999, Kraaz et al., 2001).                                                                                               Chapter I: Literature Review 
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1.5.2 Indirect Fluorescent Antibody Test (IFAT) 
Indirect fluorescent antibody tests (IFAT) have been developed to detect B. 
hyodysenteriae directly from diagnostic specimens (Hughes et al., 1977, Joens et al., 
1978, Lemcke and Burrows, 1981) and have been used to detect B. pilosicoli and         
B. hyodysenteriae in faecal samples from pigs in Western Australia (Lee and Hampson, 
1995, Lee et al., 2000) and in chickens from the Netherlands (Dwars et al., 1990). The 
limited availability of specific sera has restricted the use of these tests in diagnostic 
laboratories. 
1.5.3 Enzyme Linked Immunosorbent Assay (ELISA) 
Enzyme linked immunosorbent assays (ELISA) have been used to detect antibodies to 
intestinal spirochaetes in blood samples. The antigen for use in the ELISA may be 
prepared from whole spirochaetal cells or lipopolysaccharide (LPS) (Joens and Kinyon, 
1982).  
Enzyme linked immunosorbent assays have been used to measure antibody titres against 
B. hyodysenteriae for the diagnosis of SD (Joens and Kinyon, 1982, Egan et al., 1983, 
Wright et al., 1989, Hampson et al., 1990, Mhoma et al., 1992, Mapother, 1993, Lee et 
al., 2000) and to evaluate the effectiveness of vaccines against B. hyodysenteriae (Smith 
et al., 1991, Lau and Hampson, 1992). No serological tests have been reported for       
B. pilosicoli or other Brachyspira spp.                                                                                               Chapter I: Literature Review 
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1.6 METHODS FOR TYPING INTESTINAL SPIROCHAETES 
Several methods have been used for subspecific differentiation of intestinal 
spirochaetes, including multilocus enzyme electrophoresis (MLEE) and pulsed field gel 
electrophoresis (PFGE). 
1.6.1 MLEE 
Multilocus enzyme electrophoresis (MLEE) is a technique used to study the relationship 
between bacterial isolates based on the mobility of metabolic enzymes (Selander et al., 
1986). The level of genetic diversity and relatedness among bacteria is determined 
based on the multilocus genotypes of the bacterial enzymes. Isolates with the same 
allelic profile at all loci studied are considered genetically identical and are grouped 
together in the same electrophoretic type (ET). The genetic distance between each 
enzyme locus is then calculated using the formula developed by Nei (1977). 
The first MLEE studies for Brachyspira species were reported by Lymbery et al. (1990) 
and Lee et al. (1993b). This technique subsequently has been used, for example, to 
study the genetic variation of B. pilosicoli isolated from humans in Australia and other 
countries (Lee and Hampson, 1994, Trott et al., 1998, Trott et al., 1997c) and               
B. hyodysenteriae in pigs (Lee et al., 1993a, Trott et al., 1997c) . According to Lee and 
Hampson (1994), MLEE is relatively simple, inexpensive, straightforward and is an 
efficient method for large-scale analysis of genetic variation compared with DNA 
analyses. However, in certain cases, such as contamination of cultures and decreased 
enzyme activity due to freezing and thawing, null alleles may result. Other 
disadvantages of MLEE include the inability to detect allelic variations within amino 
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enzymes to express their presence in electrophoresis as well as in the subjective nature 
of the interpretation of the position of the bands (allele) (Lee and Hampson, 1994). 
Hence MLEE is not particularly discriminatory at the strain level. New methods based 
on multilocus sequence typing are now being developed (Råsbäck et al., 2007b). 
1.6.2 Pulsed Field Gel Electrophoresis 
Pulsed field gel electrophoresis (PFGE) is a typing technique that involves cutting and 
separating large sized pieces of chromosomal DNA. The method involves the extraction 
of bacterial DNA in an agarose matrix, digestion with rare base cutting restriction 
enzymes and separation in an agarose gel by an alternating electrophoretic field. The 
migration rate of the DNA fragments is dependent on the size of the molecule. Different 
sized DNA can be separated by modification of each pulse size. Pulsed field gel 
electrophoresis has been used as a molecular typing tool for several species of  intestinal 
spirochaetes (Atyeo et al., 1996, Rayment et al., 1997, Trott et al., 1998, Atyeo et al., 
1999a, Suriyaarachchi et al., 2000, Oxberry, 2002, Brooke, 2003). 
Pulsed field gel electrophoresis is a powerful tool for epidemiological studies as it can 
be used to examine genetic relationship between isolates, to determine the occurrence of 
natural cross species/zoonotic transmission, as well as to investigate the association of 
various species of intestinal spirochaetes. Pulsed field gel electrophoresis is more 
discriminative than MLEE for strain typing (Atyeo et al., 1996a, Trott et al., 1998). 
Overall, PFGE has showed that B. pilosicoli is a genetically diverse species, although in 
some cases isolates cultured from the same or different animal species were closely 
related. For example, Atyeo et al. (1999a) reported that 52 isolates of B. pilosicoli could                                                                                               Chapter I: Literature Review 
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be divided into 40 different banding PFGE patterns, grouped according to the animal 
species and region of origin.  
1.7 AIMS OF THE STUDY 
The work described in this thesis is a study of the epidemiology and risk factors for 
colonisation by the intestinal spirochaete Brachyspira pilosicoli in humans and animals 
in Western Australia, and in Balinese villagers in Indonesia. The risk factors analysed 
for humans included the effect of age, gender, faecal consistency, and presence of 
clinical symptoms (abdominal pain, diarrhoea, headache, constipation, and muscle/joint 
pain), contact with animals, and the area of origin. Brachyspira pilosicoli was isolated 
using selective anaerobic culture and the identity confirmed by using a species-specific 
PCR. Multilocus enzyme electrophoresis and PFGE were used to analyse the 
relationship between isolates. Day-old chickens and mice were used as animal models 
to test the pathogenicity of some of the isolates of B. pilosicoli obtained. A wide range 
of animals including livestock, pets and wildlife were also screened for carriage of       
B. pilosicoli.  
The specific aims of this study were:  
1.  To study the epidemiology and risk factors for colonisation by B. pilosicoli in 
humans in Western Australia and Balinese villagers in Indonesia.  
2.  To study putative risk factors for infection 
3.  To analyse the relationship between isolates by using MLEE and PFGE.  
4.  To test the pathogenicity of some of the isolates of B. pilosicoli in mice and day-
old chickens.                                                                                               Chapter I: Literature Review 
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5.  To screen for the carriage of B. pilosicoli in a wide range of animals, including 
livestock, pets and wildlife.  
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The purpose of this chapter is to describe the core materials and methods used 
throughout the work described in subsequent chapters. Specific methods and 
modifications are described in the individual chapters. Details of consumables, reagents, 
buffers and solutions used, and the manufacturers of these are listed in Appendix B. 
2.1 ISOLATION OF SPIROCHAETES 
2.1.1 Preparation of selective Trypticase Soy agar (TSA) plates 
Trypticase Soy agar (TSA) plates were prepared by adding 35 g Trypticase Soy agar to 
one litre of distilled water. The solution was boiled and sterilised by autoclaving at 
115
oC for 20 minutes, and then cooled to approximately 55
oC. Antibiotics (400 g/ml 
spectinomycin, 25 g/ml of vancomycin and 25 g/ml of colistin CVS-TSA) were 
mixed in approximately 10 ml of sterile distilled water and then filtered through a 400 
m filter into the warm agar (Jenkinson and Wingar, 1981). Fifty ml of defibrinated 
sheep blood was also added to the agar solution. The agar was homogenised by gently 
swirling the bottle, poured into bacteriology plates (20 ml/plate) in a laminar flow 
cabinet and allowed to set prior to use. 
2.1.2 Preparation of Trypticase Soy broth medium 
Kunkle‟s broth was used to propagate spirochaetes, and was prepared by mixing 40 g 
Trypticase Soy broth with 0.5% W/V glucose, 0.2% W/V sodium bicarbonate, 0.05% 
cysteine hydrochloride monohydrate, 1% yeast extract, 2% foetal calf serum and 1.5% 
ethanolic cholesterol and adjusting the pH to 6.85 with hydrochloric acid (Kunkle et al., 
1986).                                                                       Chapter II: General Materials and Methods 
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Five drops of resazurin, an indicator for the presence of oxygen, was added to the broth. 
It was then boiled and poured into small glass tubes (20 ml) or bottles (300 ml) to 
approximately two thirds of the container‟s volume. To eliminate oxygen, nitrogen gas 
was bubbled through the media via a needle, until the resazurin indicator changed 
colour from red to yellow. A rubber stopper then was inserted to seal the tube as quickly 
as possible. Two metal clamps were placed and tightened on either end of the tubes and 
bottles to prevent the release of the rubber stopper during autoclaving and incubating 
(see Figure 2.1). The broth was autoclaved at 115
oC for 20 minutes. The broth was 
allowed to cool, and a strip of parafilm was wrapped around the neck of the glassware 
and the rubber stopper to prevent it from popping out. The broth was stored at room 
temperature for up to two weeks prior to use.  
2.1.3 Isolation of intestinal spirochaetes from faecal samples 
The isolation of intestinal spirochaetes from faecal samples was conducted according to 
the routine procedure used at the Centre for Intestinal Spirochaete Research at Murdoch 
University. A sterile alginate bacteriology swab was dipped into the faecal sample and 
rubbed gently onto one part of a selective TSA plate, before plating out using a flame-
sterilised nichrome bacteriology loop. The sterilised loop was also stabbed in the first 
swab area to enhance the formation of ß-haemolysis to allow the differentiation of 
strongly ß-haemolytic from weakly ß-haemolytic organisms. The strongly ß-haemolytic 
B. hyodysenteriae produces a distinct zone of clearing or ring phenomenon in areas 
where the agar has been stabbed (Olson and Fales, 1983, Ramanathan et al., 1993, 
Duhamel and Joens, 1994). On the other hand, B. pilosicoli and other weakly ß-
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agar plates, at the stab mark. A photograph of B. pilosicoli growing on CVS-TSA media 
is shown in Figure 2.2. The plating procedure was conducted in a laminar flow cabinet.  
Plates were inverted and incubated at 37°C for six to 15 days in anaerobic jars in an 
atmosphere of 94% H2 and 6% CO2 generated by using Gaspak Plus ™ sachets. Isolates 
were subcultured two or three times on the same selective agar medium to ensure the 
purity of the bacteria. Approximately one square cm of agar then was removed and 
placed into a Bijoux bottle containing 2.5 ml of Kunkle‟s broth supplemented with 2% 
foetal calf serum. The bottle was shaken vigorously for 30 seconds so the spirochaetes 
were released into the broth. The broth then was transferred by syringe into a test tube 
containing approximately 10 ml of Kunkle‟s broth. During this process, ethanol (70%) 
was sprayed onto the lid of the Bijoux bottle and the rubber stopper of the tube to 
prevent contamination. 
This tube was incubated at 37
oC on a rocking platform for 72-96 hours until mid-log 
phase growth was obtained at a density of approximately 10
5-10
6 cells/ml. The density 
of the spirochaetes was determined by counting in a haemocytometer chamber under a 
phase-contrast microscope. The identity of the spirochaetes was tested by a PCR 
specific for B. pilosicoli (Section 2.2.4).  
If a pure culture of spirochaetes could not be obtained on the agar plate, even though the 
presence of spirochaetes had been observed on a wet mount under a phase contrast 
microscope (Section 2.2.1), then the bacterial growth was harvested using a sterilised 
glass „hockey stick‟ and the DNA was extracted using the CRDEX method described in 
Section 2.2.5 (Atyeo et al., 1997, Oxberry et al., 2003a). This DNA was then subjected 
to the PCR assay. 
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Figure 2.1. Four sets of Kunkle‟s broth clamped in metal racks to prevent the 
rubber stoppers from being expelled. 
 
 
 
 
 
 
Figure  2.2.  The  appearance  of  weakly  ß-haemolytic  colonies  of  Brachyspira 
pilosicoli on a TSA plate. (Courtesy: Carol Stephens)                                                                       Chapter II: General Materials and Methods 
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2.1.4 Counting spirochaetal cells 
The density of the bacteria in Kunkle‟s broth was assessed using a haemocytometer. A 
series of ten-fold dilutions was prepared by adding one volume of broth to nine volumes 
of sterile PBS. A cover-slip was placed in position over the counting chamber and the 
solution was pipetted into the chamber by holding the pipette tip at an angle of 
approximately 45
o to the slide so that the area was filled with broth by capillary action. 
The chamber consisted of 16 squares, with each of these being subdivided into 25 
smaller squares. Counting commenced from the top left hand square of the counting 
chamber. Only those bacteria which were present within the square or on the left-hand 
or lower line were counted. Cells that were touching the right-hand or top lines were 
excluded from the count in that square. The spirochaetes were counted in four of the 16 
larger squares. The number of spirochaetes per ml of broth was calculated by summing 
the number from the four squares, dividing this number by 96, then multiplying this 
number by the dilution factor. 
2.1.5 Depositing isolates in the spirochaetal reference collection 
Pure isolates in approximately four ml of Kunkle‟s broth were divided into four 
aliquots, transferred to small anaerobic tubes, and deposited with the Reference 
Collection at the Centre for Intestinal Spirochaete Research at Murdoch University. The 
spirochaetes were preserved at -80
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2.2 IDENTIFICATION OF INTESTINAL SPIROCHAETES  
2.2.1 Phase contrast and dark field microscopy 
A wet mount sample was prepared on a microscope slide by placing half a drop of 
0.85% NaCl onto the slide with a sterile wire loop. A loop-full of a liquid sample or a 
small amount of a solid sample was then transferred and mixed with the NaCl solution 
on the slide. A cover slip was placed on the slide and it was examined by microscopy at 
100X and 1000X magnification with phase contrast or dark field microscopy. 
From the agar plate, a sample for microscopic examination was prepared by teasing the 
haemolytic area with a sterile wire loop and suspending it in PBS. From solid material 
such as faeces or gut contents, a small sample was taken with a sterile wire-loop and 
suspended in PBS on the slide. From Kunkle‟s broth, a loop-full of broth was smeared 
onto a slide. 
The presence of spirochaetes was confirmed by examining the wet mount under phase 
contrast or dark field microscopy and observing the characteristic large size, serpent-
like shape and typical cork-screw active wavy movement of the spirochaetes 
(Ramanathan et al., 1993, Duhamel and Joens, 1994). 
2.2.2 Transmission electron microscopy 
One ml of Kunkle‟s broth containing spirochaetes in mid log phase growth was 
centrifuged at 2,000 x g. The cell pellet was resuspended in 500μl of 10mM sodium 
phosphate buffer (pH 7). Twenty μl of the suspension was negatively stained by mixing 
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reinforced 200-mesh copper grid coated with 2% Parlodion and observed with a Philips 
model 410 transmission electron microscope at 80 kV. 
2.2.3 Indole test 
Approximately two ml of Kunkle‟s broth containing dense spirochaetal growth was 
placed in a tube, one ml of xylene solution was added, and the tube agitated vigorously 
for 30 seconds. Four drops of Kovac‟s reagent were added. A positive indole test was 
characterised by the presence of a red or deep purple ring on the surface after 20 
seconds, whilst in a negative result the solution remained yellow. 
2.2.4 Polymerase Chain Reaction (PCR) 
A PCR specific for B. pilosicoli, previously developed by Mikosza et al., (1999) and  
Mikosza et al., (2001b), was used to confirm the species of the spirochaetes. The 
forward primer was 5‟-AGA GGA AAG TTT TTT CGC TTC-3‟ and the reverse primer 
was 5‟-CCCCTACAATATCCAAGACT-3‟.  
This reaction amplified a 439 base pair segment of the B. pilosicoli 16S rRNA gene 
equivalent to positions 204-676 on the 16S rRNA gene of E. coli. One positive control 
(B. pilosicoli type strain P43/6/78
T) and two negative controls (B. aalborgi 513A
T and 
B. hyodysenteriae B78
T) were included in each batch of PCR amplifications. One blank 
reaction was also used to confirm that DNA contamination had not occurred. 
All amplification mixtures consisted of a 23 l reaction mix of 1 x PCR buffer, 1.5 mM 
of MgCl2, 0.55 U of Tth Plus DNA polymerase, 5 nmol of deoxynucleoside 
triphosphate, 12.5 pmol of each primer and 3% (v/v) dimethyl sulfoxide.                                                                        Chapter II: General Materials and Methods 
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The PCR was conducted with a hot start by using a two phase reaction with the addition 
of 20 l Chill-out 14 liquid wax. Amplification consisted of an initial denaturation step 
at 94
oC for two minutes followed by 33 cycles of denaturation at 94
oC for 30 seconds, 
annealing at 46
oC for 45 seconds, and an extension at 72
oC for 30 seconds. After the 
last cycle the product was incubated at 72
oC for 10 minutes. The amplification product 
was analysed by electrophoresis on a 1.5 % agarose gel in Tris-borate buffer (0.09M 
Tris, 0.09 M Borate, 0.02 M EDTA, pH 8.0). Electrophoresis was at 0.60 Volts for 50 
minutes. The bands were stained by immersion in 0.5 g/ml ethidium bromide for 20 
minutes, and the gels viewed over ultraviolet light. 
2.2.5 Culture Resuspension Diatomaceous Earth Extraction (CRDEX) 
of DNA 
Culture resuspension diatomaceous earth extraction (CRDEX) of DNA used in the 
current study was as previously described and used by Atyeo et al., (1998) and Oxberry 
(2002). After the faecal samples were cultivated for up to 14 days on CVS-TSA and 
spirochaetes were observed, the surface growth on the plate was resuspended in one ml 
of sterile PBS by using a sterile glass „hockey stick‟. The suspension was pipetted into 
an Eppendorf tube and then centrifuged at 13,000 RPM for 3 minutes in a bench 
microfuge. The supernatant was discarded and the pellet was resuspended in 1ml 
Glucosianate Lysis Buffer. To bind the DNA, 50 µl of diatomaceous earth suspension 
(DE) (200mg DE in one ml PCR buffer) was mixed in. After standing the solution for 
10 minutes to allow binding, the tube was centrifuged at 12,000 x g for 10 seconds. The 
supernatant was discarded and the pellet was resuspended by mixing with one ml of 
Glucosianate Wash Buffer. The tube was centrifuged at 12,000 g for 10 seconds and the 
supernatant resuspended in one ml Glucosianate Wash Buffer. After again centrifuging                                                                       Chapter II: General Materials and Methods 
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at 12,000 g for 10 seconds, the supernatant was washed twice with one ml of 70% 
ethanol (at 0
oC) and once with 100% acetone (at 0
oC). A centrifugation step of 12,000 g 
for 10 seconds was used for each wash. After carefully decanting off the supernatant, 
the pellet was dried with the lid off in a 50
oC oven for 20 minutes and was resuspended 
in 100 µl TE Buffer. The tube containing the suspension was heated in a 65
oC water 
bath for 10 minutes with one mix. The tube was then centrifuged at 12,000 g for 10 
seconds and the supernatant containing the DNA was transferred into a new tube and 
used for the PCR. Five µl of this supernatant containing the extracted bacterial DNA 
was added to the top phase of the PCR reaction.  
2.2.6 Cell Pick method 
When an area of ß-haemolysis was observed on the blood agar, or spirochaetes were 
detected by microscopy, a quick confirmation method by PCR with a cell pick was 
applied (Atyeo et al., 1998). The area where the bacteria were suspected to be present 
was gently touched with a sterile wooden toothpick. The toothpick was briefly touched 
onto the top layer of the PCR reaction. Care was taken not to pick too many cells, which 
could have inhibited the PCR reaction. If the reaction was negative it was repeated. If it 
was again negative, the CRDEX extraction method was applied. If any of the PCRs 
were positive, this confirmed that B. pilosicoli was present in the sample.                                                                        Chapter II: General Materials and Methods 
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2.3 TYPING OF INTESTINAL SPIROCHAETES 
2.3.1 Multilocus enzyme electrophoresis (MLEE)  
The multilocus enzyme electrophoresis method used in this study was based on those 
described by Selander et al. (1986), and which have been modified and used in previous 
studies on intestinal spirochaetes (Lymbery et al., 1990, Lee et al., 1993a, Lee et al., 
1993b, Trott et al., 1996a, Trott et al., 1998, Oxberry, 2002). Details of consumables, 
reagents, buffers and solutions and the equipment used in the MLEE study are listed in 
Appendix B. 
2.3.1.1 Cell preparation for MLEE 
Cell preparation for MLEE is described in Section 3.5.1. 
2.3.1.2 Enzyme extraction 
Bacterial suspensions stored at -20
oC were thawed and sonicated (sonicator XL2015 
ultrasonic liquid processor) for two 30-second cycles on ice. After sonication, the cells 
were centrifuged at 14,500 g for 20 minutes at 4
oC. Three drops (150µl) of supernatant 
were placed into sterile Eppendorf tubes, and stored at –80
oC until used.  
2.3.1.3 Gel preparation and loading the gel 
Four types of gel buffers were prepared for electrophoresis: TM, Poulik, LiOH and SP7 
(composition listed in Appendix B). The gels consisted of 30 g potato starch and 4.5 g 
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12%. The starch suspension was placed in a one litre Erlenmeyer boiling flask and 
swirled over a bunsen burner flame until the starch completely dissolved, indicated by 
the mixture turning from opaque to clear. As soon as air bubbles appeared, the flask was 
removed from the burner. Air bubbles in the starch solution were expelled by applying a 
vacuum to the flask for several seconds with a vacuum hose. The mixture was then 
immediately poured into a perspex gel tray (220mm x 150mm x 12mm) with a 
continuous action to ensure continuity in the gel. To avoid entrapping any air bubbles in 
the gel, a lid was placed on top of the warm gel. The gel was allowed to set for two 
hours at room temperature and for at least one hour at 4
oC. To prevent it from drying 
out, the gel was covered with a plastic sheet, kept refrigerated and used within four 
hours. 
The 150µl frozen sample aliquots were thawed at 20
oC in a water-bath. To visualize the 
migration of the sample in the gel, one drop of extractant solution was mixed into each 
sample. Each sample was absorbed onto a 7 mm x 4 mm piece of Whatman No.3 filter 
paper. The insertion holes for the filter papers were prepared by cutting and splitting the 
gel at approximately 3 cm from the top, and then the filter papers were slotted in 
between the split at approximately 4 mm intervals. The split gel was pushed back into 
position to ensure the filter papers were in good contact with the gel. Excess extractant 
was removed by blotting the filter papers on clean tissue paper before inserting into the 
gel. One gel accommodated 16 samples, consisting of four control and 12 samples. One 
control was run between every three samples.                                                                        Chapter II: General Materials and Methods 
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2.3.1.4 Electrophoresis 
The electrophoretic buffer box consisted of two electrode boxes (227mm x 100mm x 56 
mm) with a nickel-chrome alloy wire as the cathode and a platinum wire as the anode. 
The electrophoretic solution contained 100 ml of specific electrode buffer in 400 ml of 
distilled water. The gel plates were placed on the buffer boxes with the side containing 
the samples placed at the cathode end as the enzymes migrate towards the anode. The 
buffer was connected to the gel by placing an absorbent sponge at the two ends of the 
gel with the bottom immersed into the buffer. To avoid it from drying out, the top of the 
gel was covered with a plastic sheet all the time. The buffer box was connected to a 
1000V/500mA power supply and the appropriate constant current and voltage was set 
for the particular buffer system (Appendix B). The following enzymes were assayed: 
acid phosphatase (ACP), alcohol dehydrogenase (ADH), alkaline phosphatase (ALP), 
arginine phosphokinase (APK), esterase (EST), fructose 1-6-diphosphatase (FDP), 
glutamate dehydrogenase (GDH), guanine deaminase (GDA), hexokinase (HK), L-
leucyl-glycyl-glycine peptidase (LGG), mannose phosphate isomerase (MPI), 
nucleoside phosphorylase (NP), phosphoglucomutase (PGM), phosphoglycose 
isomerase (PGI) and superoxide dismutase (SOD). For analysis of enzymes ACP, ADH, 
HEX and NP, the gels were run in a Tris malate (TM) buffer (pH 7.4). Enzymes ALP, 
PGI, GDA and MPI were assayed using a phosphate buffer system (SP7) (pH 7.0), and 
for APK and GDH, they were run in a discontinuous Poulik buffer system. Finally, 
enzymes EST, FDP, LGG, PGM and SOD were run in a discontinuous lithium 
hydroxide (LiOH) buffer system. These details are summarised in Table 2.1. 
To avoid enzyme denaturation and the gel over-heating, a plastic container filled with 
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refrigerator at 4
oC. When the run was completed, the filter papers were removed and the 
gels were sliced horizontally three times using fishing line to create four identical gels. 
The gels were now ready for staining. 
Table 2.1 Enzymes and buffer systems used in the electrophoretic analysis of 
isolates.  
Enzymes  Abbreviation  Buffer System* 
Acid Phosphatase  ACP  TM 
Alcohol dehydrogenase  ADH  TM 
Arginine phosphokinase  APK  Poulik 
Alkaline phosphatase  ALP  SP7 
Esterase  EST  Poulik 
Fructose-1,6 diphosphatase  FDP  LiOH 
Glucose phosphate isomerase  GPI  SP7 
Guanine deaminase  GDA  SP7 
Glutamate dehydrogenase  GDH  Poulik 
Hexokinase  HK  TM 
Mannose phosphate isomerase  MPI  SP7 
Nucleoside phosphorylase  NP  TM 
L-leucyl-glycyl-glycine peptidase  PEP  LiOH 
Phosphoglucomutase  PGM  LiOH 
Superoxide dismutase  SOD  TEB 
*Composition of each buffer system is listed in Appendix B 
2.3.1.5 Staining by the agar overlay method 
Staining by agar overlay involved pouring liquid agar containing substrate onto the top 
of a gel and allowing the agar to solidify. This was used for enzymes ADH, APK, FDP, 
GDA, GDH, GPI, HK, MPI, NP, PEP, PGM and SOD (Table 2.1). The agar solution 
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water. It was then allowed to stand in a water bath at 65
oC to avoid solidifying during 
the stain preparation (Appendix B). 
The substrate and stain for each enzyme were weighed in labelled glass beakers and the 
warm agar was added and stirred into the substrate. The substrate was poured to cover 
the whole gel and it was allowed to set. The gel was left exposed to the light for a few 
minutes and then incubated in the dark at 37
oC until clear bands appeared within the 
gel. For the enzymes ADH, GDH, PEP, PGI, NP and PGM, the bands were expected to 
appear within one hour of incubation. For enzymes APK, FDP, GDA, HK, MPI and 
SOD, the incubation was extended for up to five hours. To avoid the gels drying out, 
they were covered with a transparent plastic sheet. 
2.3.1.6 Staining by the soaking method 
For staining by the soaking method, the gel slices were soaked in the substrate solution 
inside a sealed plastic container at 37
oC in the dark for approximately one hour. The 
stains were added to the substrate solution and left at room temperature until bands 
appeared. This method was used for the enzymes ACP, ALP and EST. 
2.3.1.7 Analysis of MLEE results 
The bands that appeared in the gels after staining were numbered in order of decreasing 
distance from anode to cathode. If no band appeared on the gel, it was assigned a zero 
allele, and given a value -1 in the pair-wise comparison. Isolates having identical 
enzyme profiles at all loci were grouped together as an electrophoretic type (ET). Each 
time a gel was run, three isolates that had a known ET were run as standards. Gel runs 
were repeated up to four times to ensure the correct allelic assignments.                                                                       Chapter II: General Materials and Methods 
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Analysis of genetic diversity (h) at each enzyme locus was calculated for the number of 
ETs as: h=(1-Spi
2)(n/n-1) where pi is the frequency of the indicated allele and n the 
number of ETs (Nei, 1978). The genetic distance between electrophoretic types was 
calculated as the proportion of fixed allelic loci at which dissimilar alleles occurred, and 
was automatically calculated with a computer clustering programme (Phentree) created 
by Lymbery et al. (1990) for his original study of intestinal spirochaetes. The similarity 
between electrophoretic types in enzyme loci was expressed in a phenogram created 
based on the Unweighted-Pair-Group Method of Arithmetic Averages (UPGMA) 
clustering fusion strategy for determining Squared Euclidean Distance (SED) (Burr, 
1970). 
2.3.2 PULSED FIELD GEL ELECTROPHORESIS (PFGE) 
Pulsed field gel electrophoresis (PFGE) is a typing technique that separates large 
chromosomal sized pieces of DNA by alternating current fields in electrophoresis. This 
technique is described in more detail in Section 1.7.3. 
Agarose plug preparation, DNA restriction and electrophoresis were carried out as 
described in previous studies of intestinal spirochaetes (Brooke et al., 2001a, Brooke, 
2003). Details of the equipment, consumables, reagents, buffers and solutions used, and 
the manufacturers are listed in Appendix B. 
2.3.2.1 Cell preparation and plug digestion 
Spirochaetes stored at –80
o C were defrosted and grown anaerobically on blood agar 
without the addition of antibiotics at 37
oC for 5 days. The culture was harvested with a 
sterile cotton swab and resuspended in TE buffer (10mM Tris, 0.1 M EDTA, pH 7.6) to                                                                       Chapter II: General Materials and Methods 
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a density equivalent to number 5.0 McFarland opacity standard (approximately 5 x 10
9 
cells/ml). The cell suspension was then centrifuged at 7000 g for 3 minutes, and the cell 
pellet resuspended in 50 µl cold TE buffer.  
The cell suspension was mixed with 100 µl of 1.8% molten low melting point agarose 
in 0.5 x TBE (1.08 g L
-1 Tris base, 5.5 g L
-1 boric acid, 0.01M EDTA, pH 8.0) and 50 µl 
lysostaphin. The mixture was transferred into sterile pre-chilled moulds and allowed to 
set at 4
oC for 20 minutes. The plugs were placed in 500 µl lysis buffer and 12.5 µl 
lysozyme at 37
oC for 18 hours. The plugs were incubated at 50
oC for 18 hours in 500 µl 
TES (50mM Tris pH 7.4, 50 mM EDTA pH 8.0, 1 % lauroyl sarcosine) with 20 µl 
proteinase K (20 mg/ml). The plugs were washed six times in one ml of TE buffer with 
the following regime: 1 x 5 minutes; 1 x 30 minutes; 2 x 1 hour with shaking; 2 x 1 hour 
at 50
oC. This was followed by 1 x 30 minutes in 0.1 TE and 1 x 30 minutes in 0.5 ml of 
1 x restriction enzyme (RE) buffer provided with the restriction enzymes used. 
For the digestion of DNA in the plugs, 50 units of MluI in 3µl bovine serum albumin 
and 300 µl fresh RE buffer was added and incubated at 37
oC for 24 hours. Isolates that 
had identical PFGE patterns with MluI were subsequently digested with SmaI. Plugs 
digested with SmaI were treated similarly to MluI except that the incubation temperature 
was 25
oC. The plugs were kept in TE buffer at 4
oC. 
2.3.2.2 Electrophoresis 
Electrophoresis was conducted by using a contour-clamped homogenous electric field-
DRIII system (Bio-Rad Laboratories). Prior to electrophoresis, each half plug was 
heated at 56
oC for 8 minutes and loaded into a well of an agarose gel that had been 
subjected to electrophoresis for 1.5 hours prior to loading. The wells were then sealed                                                                       Chapter II: General Materials and Methods 
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with agarose plugs. A Lambda ladder DNA size standard was included in one well for 
comparison. For MluI, the electrophoresis was at 200 V for 20 hours with pulse time 
ramped at 1-40 seconds. For SmaI digested plugs, the run was conducted for 22 hours 
with a 45-60 seconds pulse time. 
The gel was stained by soaking in an ethidium bromide solution (1µg/ml) for 20 
minutes and the images viewed over UV light using the Biorad Gel Doc 2000+ system 
and analysed using the Bio-rad Molecular Analyst Software (Bio-Rad Laboratories). A 
dendrogram was created from the dice matrix of band matching coefficients at 1.0% 
tolerance by the unweighted pair group method of arithmetic averages (UPGMA) 
clustering fusion strategy (Fuzzy Logic). 
Banding patterns were analysed based on the recommendations set out by Tenover et al. 
(1995) and which had previously been used for isolates of B. pilosicoli (Brooke et al., 
2001a, Brooke, 2003). The strains were considered genetically indistinguishable if the 
restriction patterns appeared identical in size and number of bands after digestion with 
MluI and SmaI. Strains were considered to be “closely related” if they differed by one or 
two DNA bands after digestion with MluI and SmaI. Strains were considered as 
“possibly related” if the patterns differed by three to six bands and were considered to 
be “unrelated” if the patterns differed by seven or more bands. 
2.4 STATISTICAL ANALYSIS 
Data were entered into a spreadsheet (Excel, Microsoft) and analysed with the statistical 
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For continuous data, such as age, one-way analysis of variance was used to test for 
significant differences between positive and negative individuals. For categorical data 
the Chi-square test for independence or the Fisher‟s exact test were used. Odds ratios 
and their 95% confidence intervals were also calculated to determine the association of 
risk factors and positivity. Kohen‟s Kappa statistic was calculated to determine the 
degree of agreement between samplings. The prevalence and 95% confidence intervals 
were calculated (Motulsky, 1995). 
2.5 ETHICS APPROVAL 
Approval for collecting faecal samples from humans was obtained from the Murdoch 
University Human Ethics Committee, Sir Charles Gairdner Hospital Ethics Committee 
and the Bali Local Government Health Authority. Approval was obtained from the 
Murdoch University Animal Ethics Committee to collect faecal samples from animals, 
and for experimental inoculation of day-old chickens and mice with cultures of 
spirochaetes. Approval for importing human faecal samples from Bali into Perth was 
obtained from the Australian Quarantine and Inspection Service (AQIS). 
2.6 FAECAL CONSISTENCY 
The consistency of each faecal sample collected was recorded. The category of faecal 
consistency was based on the scoring used in previous human and animal studies (Lee 
and Hampson, 1992, Trott et al., 1997a). Samples were divided into three categories 
(normal: dry to slightly moist; abnormal: wet clay consistency; watery: loose/watery).                                                                        Chapter II: General Materials and Methods 
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2.7 QUESTIONNAIRES 
Letters of explanation and questionnaires were prepared for healthy people, for pet 
owners, and for the elderly at hospitals and nursing homes. They are presented in 
Appendix C. 
  
                                                                                                                                                                                                  81 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER III 
 
 
 
 
ISOLATION OF BRACHYSPIRA 
PILOSICOLI FROM HUMANS                                           Chapter III: Isolation of Brachyspira pilosicoli from humans                             
                                                                                                                                                                                                  82 
3.1 BACKGROUND TO THE STUDY 
It has been reported that colonisation with B. pilosicoli is uncommon in healthy 
Westerners in developed countries, but the spirochaete is commonly found in the faeces 
or in biopsies from colonic tissue from homosexual males and/or HIV/AIDS patients, 
and occasionally in biopsy tissues from other patients suffering from a range of 
gastrointestinal symptoms or from immunosuppression (studies summarised in 
Appendix A, Tables 1-3).  
Amongst non-Westerners in Australia, B. pilosicoli has been detected in the faeces of 
recent migrants from Asia, Eastern Europe, the Middle East and Africa, as well as in 
Australian Aborigines (Lee and Hampson, 1992, Brooke et al., 2001a, Brooke, 2006).  
People may have an increased susceptibility to infectious disease because of a poor 
immune status associated with either being old or young, as well as being exposed to 
unsuitable sanitary and environmental conditions, including lack of access to 
chlorinated drinking water (Lee and Hampson, 1992, Trott et al., 1997a, Brooke et al., 
2001a, Munshi et al., 2004, Brooke et al., 2006). Prior to this study there had been no 
detailed information available on the carriage of B. pilosicoli amongst children and the 
elderly, as well as in Indonesian migrants living in Perth or in Indonesians living in 
Bali, Indonesia. All these groups would be predicted to have increased rates of carriage 
compared to the adult Westerner population of Australia. 
Therefore, the major aim of the work described in this chapter was to determine the 
prevalence of faecal carriage of B. pilosicoli in different population groups. These 
included children attending Child Care Centres, elderly patients in hospitals and nursing                                            Chapter III: Isolation of Brachyspira pilosicoli from humans                             
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homes, patients having diagnostic samples submitted to a pathology laboratory for 
microbiological investigation, healthy Westerners, Indonesians living in Perth, and 
Indonesians living in Bali. A second aim was to identify and determine putative risk 
factors for infection. Finally, it was intended to examine the genetic relationships 
between isolates of B. pilosicoli from different sources so that the molecular 
epidemiology could be further investigated. For this purpose MLEE and PFGE were 
used on the isolates obtained. 
3.1.1 Validation of methods for faecal storage and evaluation of levels 
of detection  
Before the study commenced, the methods used were validated with respect to the level 
of detection achieved using selective culture media, and optimisation of sample 
collection and storage conditions in relation to detection. 
Faeces used in this experiment were obtained from a healthy human donor and were 
confirmed to be free from B. pilosicoli and B. aalborgi by culture and by PCR. Faeces 
were seeded with the B. pilosicoli strain WesB (originally cultured from an Aboriginal 
child from the Kimberleys in W.A.) (Lee and Hampson, 1992). This strain was obtained 
from frozen stock held at the Centre for Intestinal Spirochaete Research, Murdoch 
University. Seeded faeces were prepared by adding 20 ml of bacterial suspension to 20 
g of faeces to produce a series of 10-fold dilutions with 10
2 to 10
8 cells/g of faeces. The 
suspension was mixed thoroughly by the addition of glass beads and vortexing for 10 
minutes.  
To evaluate storage conditions, approximately 3g of all the seeded faeces were placed 
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Sarstedt Australia) (Figure.3.1). One set of jars of each size was left at room 
temperature and the other set was kept in a refrigerator at 4
oC. The samples kept at 
room temperature were plated out in duplicate immediately after seeding, and then 
again at 12 hours, and then daily for 10 days after the initial seeding time. The jars that 
were kept at 4
oC were cultured in duplicate at 24 hours, two, five and eight days, then 
every 3-4 days until 35 days after the initial seeding time. The minimum and maximum 
room temperatures recorded during this study were 17.3 to 27.3
oC. Samples were 
inoculated onto TSA-CVS medium using sterile alginate swabs, then streaked out. The 
growth was examined seven days after plating out.  
 
Figure  3.1  Three  sized  sample  jars  used  to  store  seeded  faeces.  Left,  70  ml; 
middle, 35 ml and right 8 ml (Sarstedt Australia). 
3.1.2 General methods for faecal collection  
The participants were provided with a sterile 70 ml sample jar with a scoop attached to 
the lid. After collection the faecal samples were stored on ice for transport to the 
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of the Centre for Intestinal Spirochaete Research at Murdoch University, as described in 
Chapter 2. Participants in the groups of apparently healthy people, pet owners, and the 
elderly at hospitals and nursing homes were also requested to fill in a questionnaire and 
sign a consent form (Appendix C). The specific method for faecal sampling and 
questionnaire collection for each population group is described in each subsection 
below. Other methods such as PCR, MLEE, PFGE, statistical analysis, and ethics 
approval have already been outlined in Chapter 2. 
3.2 ISOLATION OF BRACHYSPIRA PILOSICOLI FROM HUMAN 
RESIDENTS OF AUSTRALIA AND SAMPLES SUBMITTED TO A 
DIAGNOSTIC LABORATORY IN PERTH 
3.2.1 Faecal collection from healthy residents in Perth  
Faecal samples (n=72) were collected from apparently healthy Australians living in 
Perth. Those sampled included lecturers and members of their families and students at 
the Murdoch University School of Veterinary and Biomedical Sciences (n=58). They 
were all of Caucasian background. The others were Indonesians who had migrated to 
Australia and had resided in Perth for between six months and 14 years (n=14). They 
consisted of four families each with between two and five members. They lived in 
individual houses and the parents had professions of university lecturer, dentist, priest, 
and business-person. Faecal samples were collected by the participants and then chilled 
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3.2.2 Faecal collection from children attending childcare centres in 
Perth 
With the consent of the parents, faecal samples were obtained from 102 children 
attending eight daycare centres in metropolitan Perth. This sample collection was in 
collaboration with another student who was doing research in parasitology. 
Fifty seven children were re-sampled one month after the initial collection and a further 
18 were re-sampled two months after the initial sampling. Each month the samples from 
the different centres were collected over a period of one week. 
Faecal samples were obtained from soiled nappies and transferred into sterile 70 ml 
sample jars by the carers. One faecal sample from each child was collected throughout 
the week of sampling. The samples were kept chilled prior to dispatching to the 
laboratory, and all samples were packed in an insulated container with ice packs during 
transportation to the laboratory. They were cultured as soon as possible upon arrival 
(normally the same day). 
3.2.3 Faecal collection from elderly patients in hospitals in Perth 
Faecal samples from hospitalised elderly people were obtained from 55 patients at the 
Department of Rehabilitation and Aged Care, C Block, Sir Charles Gairdner Hospital 
(SCGH) in Perth. Nineteen of these 55 elderly patients were re-sampled three months 
after the initial sampling. 
The patients involved in this study were chosen randomly from the bed numbers 
available. If a patient did not give consent, the patient listed in the next random number 
was chosen. Only patients who signed the consent form were involved in this study.                                            Chapter III: Isolation of Brachyspira pilosicoli from humans                             
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Basic information and the symptoms of the patients were obtained from the 
questionnaire (Appendix C). Information on antibiotic usage was obtained from hospital 
records. 
Faecal samples were obtained from soiled nappies or bedpans and transferred into 
sterile 70 ml sample pots by the nurses.  
The samples were kept chilled in an insulated container after collection and during 
transportation. They were cultured as soon as possible upon arrival at the laboratory.  
3.2.4 Faecal collection from elderly residents of nursing homes in Perth 
Faecal samples were collected from 70 elderly people from four nursing homes (named 
A-D) located in the Perth metropolitan area. Eighteen of these people were resampled 
two to three times at intervals of three to six weeks. The people sampled in this study 
were those using nappies and who agreed to participate in the study. Faecal samples 
were collected from the nappies of the elderly with the help of the nurses, and the 
samples were then chilled at 4
oC. 
Information on the age, gender, brief information on the health status and medication 
taken in the past month by the patient were provided by the nurse. Eight people from 
location B were sampled three times at three weekly intervals and 10 people from 
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3.2.5 Faecal collection from samples submitted to a diagnostic 
laboratory in Perth 
During the period June-November 1998, a total of 556 faecal samples were obtained 
from PathCentre, a diagnostic laboratory in Perth. The faecal samples originated from 
individuals from four different regions: Darwin-Northern Territory (159), Alice 
Springs-Northern Territory (81), Kalgoorlie-Western Australia (29) and Perth (287). 
These faecal samples were submitted to the branch laboratories. Those collected outside 
Perth were flown twice a week to the main laboratory in Perth for routine diagnostic 
purposes including examination for viruses, bacteria and parasites. These samples were 
then used in the current study. 
Information on the age, gender and presenting symptoms of the individuals from whom 
the samples originated was also collected. It was not possible to collect information on 
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3.2.6 Results 
3.2.6.1 Validation of methods for faecal storage and evaluation of levels 
of detection  
The effects of storage time and container size are summarised in Table 3.1 for faeces 
held at room temperature and in Table 3.2 for faeces held at 4
oC. The minimum 
detectable level of B. pilosicoli on the CVS-TSA plates was for faeces seeded at 10
4 
cells/g. This level of detection was still achieved after 12 hours storage at room 
temperature or after 2 days storage at 4
oC in jars of all sizes. At 24-48 hours of storage, 
B. pilosicoli were cultured from faeces seeded with 10
5 cells/g faeces, after which time 
the detection level fell further. Spirochaetes grew after up to 7 days of storage at a 
seeding level of 10
8cells/g, provided the sample was stored in a 70 ml container. 
In comparing the size of sample containers, B. pilosicoli in the 8 ml container failed to 
grow after 2 days of storage, while in the 35 and 70 ml containers they were able to 
grow after up to six and seven days of storage, respectively. The consistency of the 
faeces in the 70 ml pots was maintained up to 10 days, while they became soft, bubbly, 
and smelly in the 35 and 8 ml pots from day two, and deteriorated further when they 
were kept for longer periods. 
At 4
oC storage, B. pilosicoli could still be cultured from seeded faeces for up to 29 days 
in all three sized containers, although levels of detection reduced after 2 days of storage 
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Table 3.1 The minimum number of B. pilosicoli in seeded faeces culturable after 
storage at room temperature (17.3 to 27.3
oC). 
  Sizes of sample containers 
Storage time  8 ml  35 ml  70 ml 
0 hours  10
4  10
4  10
4 
12 hours  10
4  10
4  10
4 
24 hours  10
5  10
5  10
5 
2 days  ND  10
6  10
5 
3 days  ND  10
8  10
6 
4 days  ND  10
8  10
8 
5 days  ND  10
8  10
8 
6 days  ND  10
8  10
8 
7 days  ND  ND  10
8 
8 to 10 days  ND  ND  ND 
ND: growth not detected 
 
Table 3.2 The minimum number of detectable B. pilosicoli seeded in faeces kept in 
three sized sample containers stored at 4
oC. 
  Sizes of sample containers 
Storage time  8 ml  35 ml  70 ml 
1 day  10
4  10
4  10
4 
2 days  10
4  10
4  10
4 
5 days  10
5  10
5  10
5 
8 days  10
5  10
5  10
5 
11 days  10
5  10
5  10
5 
14 days  10
5  10
5  10
5 
17 days  10
5  10
5  10
5 
20 days  10
5  10
5  10
5 
23 days  10
5  10
5  10
5 
26 days  10
6  10
6  10
6 
29 days  10
6  10
6  10
6 
32 days  ND  ND  ND 
35 days  ND  ND  ND 
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3.2.6.2 Healthy residents 
Spirochaete were cultured from one of 72 (0.9%, CI 0.0, 2.6) faecal samples collected 
from healthy Australians in Perth, and was confirmed as B. pilosicoli by PCR. The 
distribution of the respondents sampled is shown in Table 3.3. 
Table 3.3 The origin of the healthy residents of Australia sampled. 
Origin 
No. of 
people 
sampled 
No. of 
females 
(%) 
No. of 
males 
(%) 
Number 
positive 
Prevalence 
(95% CI) 
Staff of Murdoch 
University  7  5 (71.4)  2 (28.6)  0  0 
Students at Murdoch 
University  37  25 (67.6)  12 (32.4)  0  0 
Family/friends of the 
staff and students  14  7 (50.0)  7 (50.0)  1  7.14 (0.0, 
20.6) 
Residents of 
Indonesian origin  14  6 (42.9)  8 (57.1)  0  0 
Total  72  43 (59.7)  29 (40.3)  1  0.9 (0.0, 2.6) 
 
The age of the respondents ranged from 0.7 to 71 years (mean 31.0 years, SD 14.9). 
There was no significant difference in the mean age of people who were negative (30.6 
years) compared with the mean age of the positive individual (60 years) (f=4.00; df=1, 
71; P=0.05). There were only six people sampled (8.3%) who were less than 18 years 
old. There was no significant difference in the prevalence between the genders (Fisher‟s 
exact test P=1.00). 
The B. pilosicoli positive individual was a 60-year old female Westerner. At the time of 
sampling she was reported as having influenza, and she previously had suffered from 
diverticulitis. She had one pet dog in her house but did not have occupational contact 
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the spirochaete cells were approximately 10 µm long with one blunt and one pointed 
end (Figure 3.2). 
  
 
 
Figure 3.2 Transmission electron micrograph of a spirochaete observed in the 
faecal sample of a healthy adult Westerner. Bar: 1 µm. This sample was positive 
for B. pilosicoli by PCR. 
 
There was no significant difference in the prevalence of B. pilosicoli for groups of 
different faecal consistency, clinical symptoms, pet ownership or occupation (all P > 
0.22). 
The symptoms that were reported by the people sampled in the week immediately 
preceding the faecal collection are shown in Table 3.4. 
The faecal consistency was graded as normal in 65 samples (90.3%) and wet-clay or 
pasty in seven (9.7%). No watery faeces were detected. The positive sample originated 
from faeces of normal consistency.                                            Chapter III: Isolation of Brachyspira pilosicoli from humans                             
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The majority of those sampled had occupational contact with animals (55.7%) for a 
period of between two and 30 years. Thirty-seven (52.1%) respondents owned pets or  
Table 3.4 Distribution of symptoms by respondents in the week preceding the 
faecal collection. 
Symptoms*  No. of people with 
symptoms  % 
Diarrhoea  11  15.3 
Abdominal pain  14  19.4 
Constipation  5  6.9 
Headache  30  41.7 
Muscle/joint pain  20  27.8 
Unexplained loss of weight in the past 
6 months  0  0.0 
*People may have experienced more than one symptom 
 
had contact with pets in their homes. Twenty-eight (38.9%) owned one or more dogs, 
six (8.3%) owned cats, two (2.8%) owned horses and two (2.8%) owned chickens. 
Only fourteen of the respondents had travelled overseas in the six months prior to the 
sample collection. Most of the countries visited were Indonesia, the USA, Canada, and 
England. The positive individual had not travelled overseas in the six months prior to 
sample collection. 
3.2.6.3 Children attending childcare centres in Perth  
No spirochaetes were cultured from faecal samples of any of the 102 children attending 
the Day Care Centres. The origin of the children is shown in Table 3.5. 
The age of the children ranged from six months to four years. There were 45 (44.1%) 
males and 57 (55.9%) females sampled. Most of the faeces were normal (46%) or wet                                            Chapter III: Isolation of Brachyspira pilosicoli from humans                             
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clay (53%) consistency on the first sampling. One child had watery faeces on the first 
sampling and three had watery faeces on the second sampling (Table 3.6). None of these 
samples were positive for B. pilosicoli. 
Table 3.5 The origin of the children at childcare centres cultured for B. pilosicoli.  
Child Care 
Centres code 
No. of children 
sampled the first 
time 
No. of children 
sampled a 2nd 
time* 
No. of children 
sampled a 3rd 
time* 
U1  15  9  1 
U8  20  12  7 
U9  10  6  2 
U10  9  7  1 
U11  8  3  1 
U41  13  7  2 
U42  12  8  3 
B  12  5  1 
Total  102  57  18 
* Samples collected at one month intervals 
 
 
Table 3.6 Faecal consistency of children cultured for B. pilosicoli.  
Faecal consistency  First sampling 
(%) 
Second sampling 
(%) 
Third sampling 
(%) 
Normal  47 (46.0)  28 (49.1)  6 (33.3) 
Wet clay  54 (53.0)  26 (45.6)  12 (66.7) 
Watery  1 (1.0)  3 (5.3)  0 (0.0) 
Total  102  57  18 
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3.2.6.4 Elderly patients in hospitals in Perth  
Brachyspira pilosicoli was not isolated from any of 55 hospitalised elderly patients. The 
majority (61.8%) were born in Australia. Thirteen (23.6%) were born in England while 
the rest were born in Asia, Germany, Italy, the USA, Slovenia or the Netherlands, and 
had lived in Australia for between 14 and 94 years. 
The ages of the elderly sampled were between 62 and 96 years (mean 82.3, SD 7.1). 
From the second sampling, the age range was from 75 to 94 years (mean 83.7, SD 5.8).  
On the first sampling, the patients sampled consisted of 36 (65.5%) females and 19 
(34.5%) males. On the second sampling, they consisted of 13 (68.4%) females and 6 
(31.6%) males. 
In the month immediately preceding the first sampling, 23 (42.6%) individuals had 
diarrhoea or loose stools, 23 (42.6%) had constipation and 15 (28.3%) had experienced 
abdominal pain. Approximately 20-25% had headaches and muscle pains prior to the 
first sampling and 24 (47.1%) had lost weight in the past 6 months from causes other 
than dieting (Table 3.7).  
Thirty three (62.3%) of the patients had taken antibiotics in the month preceding the 
sample collection, with 16 (29.1%) taking two types of antibiotics and six (10.1%) 
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Table 3.7 Clinical symptoms experienced by the hospitalised elderly patients in the 
last month. 
Symptoms*  First sampling (%)  Second sampling (%) 
Diarrhoea  23 (42.6)  7 (36.8) 
Abdominal pain  15 (28.3)  6 (31.6) 
Headache  10 (20.0)  3 (18.8) 
Muscle/joint pain  13 (25.0)  6 (31.6) 
Constipation  23 (42.6)  8 (42.1) 
Weight loss  24 (47.1)  8 (42.1) 
* People may have experienced one or more symptoms  
 
The consistency of most faeces was normal or wet clay on both samplings (Table 3.8). 
However, 14.5% and 26.3% had watery diarrhoea on the first and second samplings 
respectively. 
Table 3.8 Consistency of faeces sampled for Brachyspira pilosicoli from 
hospitalised elderly patients at the time of sampling. 
Faecal consistency  First sampling (%)  Second sampling (%) 
Normal  25 (45.5)  6 (31.6) 
Wet clay  22 (40.0)  8 (42.1) 
Watery  8 (14.5)  5 (26.3) 
Total  55  19 
 
Twelve (21.8%) patients owned one or more pets in their home prior to hospitalisation. 
Cat(s) were owned by five (9.1%) and dog(s) owned by four (7.3%) of the patients. 
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3.2.6.5 Elderly residents of nursing homes in Perth  
Brachyspira pilosicoli was not cultured from the faeces of 70 elderly residents of four 
nursing homes in Perth (Table 3.9). The age of the respondents was between 55 and 98 
years (mean 83.4 years, SD 9.1). Forty-three (61.4%) females and 27 (38.6%) males 
were sampled. 
At the time of sampling 37 (52.9%) patients had Alzheimer‟s disease or dementia, 16 
(22.9%) had gastrointestinal discomfort and 17 (24.2%) had other symptoms or 
conditions (such as arthritis, diabetes or Parkinson‟s disease). At the time of sampling, 
most people had faeces of normal consistency (54-77.1%) while 16 (22.9%) had pasty 
faeces. 
Table 3.9 The origin of the elderly tested for Brachyspira pilosicoli at nursing 
homes. 
Nursing 
home codes 
No. of people 
sampled 
No of people with 
dementia and/or 
Alzheimer‟s 
No. of patients sampled 
more than once * 
A  27  11  0 
B  20  20  8 
C  17  0  10 
D  6  6  0 
Total  70  37  18 
*3-6 week interval after the first sampling 
3.2.6.6 Samples submitted to a diagnostic laboratory in Perth 
There was only one positive sample (0.18%, CI 0.0, 0.5) out of the 557 faecal samples 
submitted to the diagnostic pathology laboratory. The positive faeces originated from a 
one-year old female child from Darwin with anaemia and diarrhoea. The faeces were 
watery and contained mucus and fresh blood (Figure 3.3).                                             Chapter III: Isolation of Brachyspira pilosicoli from humans                             
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Figure 3.3 Photograph of faeces from a child positive for Brachyspira pilosicoli 
 
A PCR on growth from the plate confirmed the presence of B. pilosicoli in the sample. 
By TEM, two types of spirochaetes were observed. The first was 3 to 4 µm long with 
both ends pointed, with approximately five flagella at each cell end (Figure 3.4). The 
other was 4 to 8 µm long with one pointed end with approximately eight flagella at each 
cell end (Figure 3.5). 
The origin and age of the individuals who had faecal samples cultured for Brachyspira 
are shown in Tables 3.10 and 3.11.                                            Chapter III: Isolation of Brachyspira pilosicoli from humans                             
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Figure 3.4 Transmission electron micrograph of a spirochaete observed in the 
faeces of a one-year old girl (Figure 3.3). Bar: 1 µm. The cell length was 3-4 m 
with pointed cell ends. 
 
 
 
Figure 3.5 Transmission electron micrograph of a spirochaete observed in the 
faeces shown in Figure 3.3. The cell length was approximately 5-6 m with one 
blunt and one pointed cell end. Bar: 1 µm.                                            Chapter III: Isolation of Brachyspira pilosicoli from humans                             
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Table 3.10 Location of laboratories and number of faecal samples supplied. 
Origin  Total samples  Percentage 
Alice Springs  82  14.7 
Darwin  159  28.5 
Kalgoorlie  29  5.3 
Perth  287  51.5 
Total  557   
 
Table 3.11 The age category of the people with faeces cultured for Brachyspira 
pilosicoli. 
Origin  0-2 years 
(%) 
3-5 years 
(%) 
6-10 years 
(%) 
11-18 
years (%) 
>18 years 
(%) 
Data not 
available 
(%) 
Alice 
Springs  23 (28.0)  5 (6.1)  2 (2.4)  1 (1.2)  47 (57.3)  4 (5.0) 
Darwin  38 (24.0)*  8 (5.0)  5 (3.1)  4 (2.5)  104 (65.4)  0 (0.0) 
Kalgoorlie  12 (41.4)  2 (6.9)  0 (0.0)  0 (0.0)  15 (51.7)  0 (0.0) 
Perth  47 (16.4)  17 (5.9)  20 (7.0)  11 (3.8)  177 (61.7)  15 (5.2) 
Total  120 (21.5)  32 (5.7)  27 (4.8)  16 (2.9)  343 (61.7)  19 (3.4) 
* One positive sample  
 
There were approximately the same number of samples submitted from males and 
females from each laboratory (Table 3.12). 
Table 3.12 Gender of people cultured for Brachyspira pilosicoli obtained from the 
diagnostic laboratory. 
Origin  No. of males (%)  No. of females (%)  Data not 
available (%) 
Alice Springs  35 (42.7)  42 (51.2)  5 (6.1) 
Darwin  80 (50.3)  78 (49.1)  1 (0.6) 
Kalgoorlie  14 (48.3)  15 (51.7)  0 (0.0) 
Perth  118 (41.1)  169 (58.9)  0 (0.0) 
Total  247 (44.3)  304 (54.6)  6 (1.1) 
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Most of the samples were submitted from people with symptoms of abdominal pain or 
diarrhoea (up to 86%) (Table 3.13). Only small number of samples had other pathogens 
identified (Giardia, Salmonella, Clostridium, or an enteric virus). 
Table 3.13 Symptoms of the people from whom faecal samples were submitted to 
the diagnostic laboratory* 
Origin  Abdominal 
pain (%) 
Diarrhoea 
(%) 
Bloody 
stools (%) 
Presence of 
other 
organisms** 
(%) 
Symptoms 
not 
available 
(%) 
Alice 
Springs  50 (61.0)  45 (54.9)  4 (4.9)  6 (7.3)  32 (39.0) 
Darwin  117 (73.6)  110 (69.2)  20 (12.6)  23 (14.5)  31 (19.5) 
Kalgoorlie  24 (82.8)  25 (86.2)  1 (3.4)  0 (0.0)  4 (13.8) 
Perth  185 (64.5)  163 (56.8)  25 (8.7)  17 (5.9)  60 (20.9) 
* People may have experienced one or more symptoms ** Giardia, Salmonella, 
Clostridium, or an enteric virus detected. 
 
Most of the faeces were categorised as wet clay (52.6%), with 4.5% being watery 
(Table 3.14). 
Table 3.14 Consistency of faeces cultured for Brachyspira pilosicoli from the 
diagnostic laboratory. 
Origin  Normal (%)  Wet clay (%)  Watery (%) 
Alice Springs  0 (0.0)  34 (41.5)  48 (58.5) 
Darwin  0 (0.0)  57 (35.8)  102 (64.2) 
Kalgoorlie  1 (3.4)  14 (48.3)  14 (48.3) 
Perth  15 (5.2)  198 (69.0)  74 (25.8) 
Total  16 (2.9)  293 (52.6)  248 (44.5) 
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3.2.7 Discussion 
Spirochaetes were cultured from only two of the 856 (0.2%, CI 0.0, 0.6) people sampled 
in this study. The people sampled included 72 healthy Australians (58 Caucasians and 
14 of Indonesian origin), 55 elderly hospitalised patients, 70 elderly residents of nursing 
homes, 102 children attending day care centres and 557 people with gastrointestinal 
problems whose faecal samples were submitted to a diagnostic laboratory for 
microbiological examination. The positive faecal samples were obtained from a healthy 
Caucasian adult and a child with anaemia and diarrhoea from Darwin. Unfortunately, 
the ethnicity of the child (whose sample was submitted to the diagnostic laboratory) was 
not available, although it is possible that she was an Aboriginal. Eighteen residents of 
the nursing homes, 19 elderly hospitalised patients, and 57 children attending day care 
centres were resampled during the study. However, all of these people were negative on 
all samplings. 
The findings of this study support the results of previous studies, and demonstrate that 
B. pilosicoli is uncommon in people living in developed countries, even in those with 
evidence of gastrointestinal disease (Goossens et al., 1983, Henrik-Nielsen et al., 1985, 
Tompkins et al., 1986, Lee and Hampson, 1992, Linboe et al., 1993, Brooke et al., 
2001a, Brooke et al., 2006). These results appear to be valid, as the technique had been 
shown to detect 10
4 B. pilosicoli cells/g faeces, and the same methodology detected     
B. pilosicoli in the faeces of Indonesian people sampled (see next section). The study 
shows that even elderly or young Westerners are rarely colonised with B. pilosicoli at a 
detectable level. The results from the diagnostic samples were consistent with those 
from another study in Western Australia, where B. pilosicoli was not detected in 403 
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2001a, Brooke, 2006). In contrast, in that study six of 26 (23.1%) faecal samples from 
Aborigines were positive for B. pilosicoli. In the UK, B. pilosicoli was cultured in only 
1.1% of 1493 patients, and all the positive people were of Asian ethnicity who had 
recently visited the Indian subcontinent (Tompkins et al., 1986). Again, this emphasises 
that Westerners and Indonesians living in developed countries are rarely colonised with 
B. pilosicoli. 
Amongst people who submitted their faecal samples to diagnostic laboratories, 
diarrhoea and abdominal pain were quite commonly reported (more than 80%). 
However, of the 376 people with abdominal pain and the 343 with diarrhoea only one 
was positive for B. pilosicoli. It is possible that B. pilosicoli was present at levels 
undetectable by culture, leading to false negative results. As mentioned earlier, the level 
of detection for culture is 10
4 B. pilosicoli cells per gram of faeces (Section 3.2.6.1). 
However, the presence of soft faeces or diarrhoea may increase the chance of a positive 
result due to the flushing out of the spirochaetes from the intestinal crypts during the 
process of diarrhoea (Leach et al., 1973, Turek and Meyer, 1977). According to data 
from the National Notifiable Disease Surveillance System, Rotavirus, Salmonella, 
Cryptosporidium and Campylobacter are the main aetiological agents associated with 
gastrointestinal symptoms in Australia (Blumer et al., 2003, CDA, 2006), and some of 
these agents were detected in the samples submitted to the diagnostic pathology 
laboratory. 
In conclusion, B. pilosicoli is uncommon in Caucasians in Perth, even in groups 
potentially at risk of infection including children, elderly, hospitalised patients and 
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3.3 ISOLATION OF BRACHYSPIRA PILOSICOLI FROM 
INDONESIAN VISITORS IN PERTH 
3.3.1 Background information about Indonesia 
Indonesia is a developing country (1.9 million km
2) with the fourth largest population in 
the world (206 million) (Statistics-Indonesia, 2005). The country consists of 
approximately 17,000 islands with Java, Sumatra, Borneo, Sulawesi, and Papua being 
the main islands. Java (130,000 km
2) with less than 7% of the total land mass is 
occupied by almost 60% of the population and consequently has a density of 
approximately 1,000 people per km
2. On the other hand, Papua (422,000 km
2) with 
approximately 21% of the total land mass is inhabited by only 1% of the population. 
Agricultural industries provide work for 42.4% of the population. The gross domestic 
product (GDP) per capita is US$ 3,500 (CIA, 2005). The majority (88%) of Indonesians 
are Muslims and consequently do not eat pork or have contact with dogs 
(CountryReports, 2005). 
3.3.2 Origin of Indonesian visitors who were sampled in Perth 
Faecal samples were collected from 180 Indonesians living in or visiting Perth from 
January 1998 to December 1999. These samples originated from three groups of 
individuals. 
The first group consisted of trainees attending Perth for a short visit (n=99). They were 
employees of the Education Department from major cities throughout Indonesia, and all 
were university or college graduates. They visited Perth in groups of 20 to 30 people at 
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talks and lectures at universities, visited local government offices and schools, and also 
undertook some local sight-seeing tours. They purchased their own food and resided in 
colleges or hostels in Perth. 
The second group was composed of Indonesian post-graduate students and their family 
members (n=77). They were lecturers from various universities and cities in Indonesia 
and most had received an Australian scholarship to study in Perth for between two and 
four years. Students with families lived in a unit or a house, while single students 
usually shared a house or unit with other Indonesian students. The relationship between 
the students and their families was close and they frequently visited each other and 
socialised together. 
The last group were Indonesians (n=4) who independently visited Perth for a short 
period between 14 to 30 days. They lived with their Indonesian families in a unit. They 
did not have close contact with other Indonesians outside the house during their visit. 
Two of these Indonesians had lived in Germany and the USA for more than four years 
and two were from Jakarta. 
3.3.3 Faecal collections 
Prior to the faecal collections, the respondents were asked to complete a questionnaire 
(Appendix C). The respondents were provided with a sterile sample jar (70 ml volume 
Sarstedt Australia) with a scoop attached to the lid. The respondents were asked to 
collect their faecal sample in the morning before nine am, or if they failed to collect it, 
they were asked to collect it the next day before nine am. Faecal samples were stored on 
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Thirty-six of the individuals initially negative for B. pilosicoli were re-sampled one-
month after the first sample was collected. Eight of these 36 individuals were re-
sampled for a third time and three of these eight were re-sampled for a fourth, fifth and 
sixth time. 
Fourteen individuals who were positive at the initial sampling were also re-sampled at 
monthly intervals. Four were sampled twice, 10 three times, two four times and one 
individual was sampled five times. 
3.3.4 Results 
3.3.4.1 Prevalence 
The results of faecal cultures are summarised in Table 3.15. B. pilosicoli was cultured 
from 17 of the 180 Indonesians (9.4%) (CI 5.2, 13.7). The highest prevalence (14.3%) 
was observed in the group of post-graduate students and their families, followed by 
short-term trainees (6.1%). No B. pilosicoli were detected in the other group of 
Indonesians; however only four samples were collected from this group (Table 3.15). 
There was no significant difference in the prevalence of colonisation between the three 
groups (χ
2=3.85; df=1, 2;  P=0.146). 
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Table 3.15 Origin and length of stay of Indonesians cultured for Brachyspira 
pilosicoli. 
 
 
Number 
of people 
Length of stay in 
Australia prior to 
sampling 
No. 
positive 
% positive 
(95% CI) 
Trainees from government 
employers  99  10 days – 2.5 
months  6  6.1 (1.4, 10.6) 
Students and their family 
members  77  1 month – 4.5 years  11  14.3 (6.5, 22.1) 
Holiday visit  4  0.5 month – 1 
month  0  0.0 
3.3.4.2 Age and gender 
The age of the people sampled varied from two to 64 years (mean 34.9 years, SD 13.9). 
The mean age of people who were positive (27.5 years) was significantly less than for 
people who were negative for B. pilosicoli (35.7 years) (f=5.43; df=1, 179; P=0.021). 
The age distribution of sampled people and the proportion colonised by B. pilosicoli are 
summarised in Table 3.16. 
People who were 18 years or younger were 3.7 times (CI 1.23, 11.03) more likely to be 
positive (22.2%) than those older than 18 years (7.1%) (
2=6.06;  df=1, 1;  P=0.014).  
Five of 62 (8.1%) females and 12 of 118 (10.2%) males were positive for B. pilosicoli. 
Although males were 1.3 (CI 0.4, 3.9) times more likely to be colonised with                
B. pilosicoli than females, this difference was not significant (
2=0.21; df=1, 1;  
P=0.65). 
                                            Chapter III: Isolation of Brachyspira pilosicoli from humans                             
                                                                                                                                                                                                  108 
Table 3.16 Age distribution of the individuals colonised by Brachyspira pilosicoli. 
Age range (years)  No. people examined  No. positive  % positive (95% CI) 
0-2  1  0  0.0 
3-5  9  2  22.2 (0.0, 49.4) 
6-10  8  2  25.0 (0.0, 55.0) 
11-18  9  2  22.2 (0.0, 49.4) 
>18  153  11  7.2 (3.1, 11.3) 
 
3.3.4.3 Clinical symptoms 
In the month prior to the survey, headache (21.7%) and muscle pain (19.4%) were the 
most common symptoms reported by the respondents. However, the presence or 
absence of spirochaetes was not significantly related to the presence of any of the 
clinical symptoms reported (Table 3.17). 
Table 3.17 Influence of spirochaetes on the presence of clinical symptoms. 
Symptoms  Prevalence in people 
with symptom (%) 
Prevalence in people 
without symptom 
(%) 
P value* 
 
Diarrhoea  18.2  8.9  0.3065 
Abdominal pain  15.3  9.0  0.4471 
Headache  10.3  9.2  0.8447 
Muscle/joint pain  2.9  11.0  0.1376 
Constipation  0.0  10.2  0.2267 
* As determined by Fisher‟s exact test  
 
Only three of 17 individuals who were positive for B. pilosicoli reported mild illness 
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respondents reported having taking antibiotics in the week immediately preceding the 
survey. This group did not include any of the positive individuals. 
3.3.4.4 Faecal consistency  
Most faeces (140; 77.8%) had a normal consistency and the remainder (40; 22.2%) had 
a wet-clay consistency. No faeces had a watery consistency. Twelve (8.6%) of the 
normal faeces and six (12.5%) of the wet-clay faeces were positive for B. pilosicoli. 
There was no significant difference between prevalence in faeces of these consistencies 
(
2=0.56; df=1, 1; P=0.45). However, faeces with wet-clay consistency were 1.5 times 
more likely (CI 0.5, 4.6) to contain B. pilosicoli than were normal faeces. 
3.3.4.5 Pet ownership and occupation 
Thirty-two of the 180 (17.8%) respondents owned one or more pets in Indonesia. 
Fourteen (7.8%) owned chickens, 11 (6.1%) owned dogs, ten (5.6%) owned cats and 
eight (4.4%) owned birds. Only two of the 17 (11.8%) positive individuals owned a pet 
(one dog and one bird respectively). There was no significant difference in the level of 
pet ownership for respondents who were positive (5.9%) or negative (19.0%) for           
B. pilosicoli (Fisher‟s exact test P=0.15). 
Only four of 180 (2.2%) respondents had contact with animals in their occupation. 
There was no significant difference in the prevalence in individuals who had 
occupational contact with animals (0.0%) and those who did not have occupational 
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3.3.4.6 The duration of colonisation 
Of the 36 negative individuals re-sampled, all were still negative one month after the 
initial sampling. Eight individuals were still negative two months later. Only three of 
the eight individuals provided further samples, and these were still negative at three, 
four and five months after the initial sampling. 
Eleven of fourteen people (78.6%) who were positive at the initial sampling were still 
positive a month later (Table 3.18). Two months later, five remained positive and three 
had become negative. The other three individuals were not available for sampling. At 
the third sampling, two of the three positive individuals sampled who were available for 
testing remained positive and the other had become negative. Only one individual was 
able to be re-sampled for longer, and this person was still positive at the sixth sampling. 
Table 3.18 Result of re-sampling of people who were positive at the initial 
sampling. 
Individual‟s 
code 
Initial 
sampling  1
st month  2
nd month  3
rd month  4
th month  5
th month 
H1  P  P  P  P  P  P 
H22  P  P  P  P  NA  NA 
H4  P  P  P  N  NA  NA 
H68  P  P  P  NA  NA  NA 
H72  P  P  P  NA  NA  NA 
H53  P  P  N  NA  NA  NA 
H2  P  P  N  NA  NA  NA 
H78  P  P  NA  NA  NA  NA 
H121  P  P  NA  NA  NA  NA 
H171  P  P  NA  NA  NA  NA 
H179  P  P  NA  NA  NA  NA 
H9  P  N  N  N  N  N 
H33  P  N  N  N  N  N 
H28  P  N  N  N  N  N 
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3.3.4.7 The number of positive members within sampled families  
There were two households with more than one family member positive for                  
B. pilosicoli. The first family consisted of a mother, a father and two sons (6 and 10 
years old). All of these provided faecal samples and three were positive (the mother, the 
father and the six year old son). The father remained positive for at least five months 
and the son and the mother for at least one month. The elder son was negative on all 
four samplings. Unfortunately, they did not want to provide further faecal samples. The 
second family consisted of a father, a mother, and five children. Only the father and two 
children were willing to provide faecal samples. The father and one of the daughters (10 
years old) were positive for up to two months. Again, they did not want to provide 
further samples. In Table 3.19 the status of the families that were positive for               
B. pilosicoli is summarised. 
There were 15 other families that had multiple family members sampled. Between two 
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Table 3.19 Status of individual members in families where multiple people were 
sampled and some were positive for Brachyspira pilosicoli. 
 
Individual 
code 
 
Initial 
sampling  1st month  2nd 
month 
3rd 
month 
4th 
month 
5th 
month 
Family 1             
Father H1  P  P  P  P  P  P 
Mother H2  P  P  N  NA  NA  NA 
Son 1 H4  P  P  N  NA  NA  NA 
Son 2 H3  N  N  N  N  NA  NA 
Family 2             
Father H68  P  P  P  NA  NA  NA 
Mother  NA  NA  NA  NA  NA  NA 
Child 1  NA  NA  NA  NA  NA  NA 
Child 2  NA  NA  NA  NA  NA  NA 
Child 3  NA  NA  NA  NA  NA  NA 
Child 4 H73  N  NA  NA  NA  NA  NA 
Child 5 H72  P  P  P  NA  NA  NA 
P: positive B. pilosicoli; N: negative B. pilosicoli; NA: sample not available 
3.3.4.8 Towns of origin in Indonesia  
The Indonesians sampled in this survey originated from over 31 towns and 9 islands of 
Indonesia. Most people came from Java (53.4%), followed by Sumatra (18.0%) and 
Sulawesi (10.7%). People from Sumatra (18.8%), Lombok (16.7%), Sulawesi (15.0%) 
and Bali (10.0%) had a higher prevalence than people from other islands (Table 3.20). 
However, there was no significant difference between the island of origin and the carrier 
rate (
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Table 3.20 Islands of origin in Indonesia of people sampled in this study. 
Islands of origin  Number positive (%)  Total (%)* 
Java  6 (6.2)  97 (53.8) 
Sumatra  6 (18.8)  32 (17.7) 
Sulawesi  3 (15.0)  19 (10.6) 
Bali  1 (10.0)  10 (5.6) 
Kalimantan  0 (0.0)  7 (3.9) 
Lombok  1 (16.7)  6 (3.3) 
Timor  0 (0.0)  5 (2.8) 
Irian  0 (0.0)  7 (3.9) 
Maluku  0 (0.0)  2 (1.1) 
Total  17 (9.4)  180 (100) 
* Percentage of total Indonesians sampled  
 
 
The towns of origin of the Indonesians are listed in Table 3.21. More positive people 
originated from Medan (40.0%), Manado (21.4%), Aceh and Padang (20.0%) than from 
Denpasar (10.0%), Jakarta (9.5%), Malang (5.9%) and Yogyakarta (4.2%). There was 
no significant difference in the prevalence for the towns of origin (
2=19.83; df=1, 31; 
P=0.95). In Figure 3.6, a map of Indonesia and the location of the towns from where the 
respondents positive for B. pilosicoli originated are displayed.                                            Chapter III: Isolation of Brachyspira pilosicoli from humans                             
                                                                                                                                                                                                  114 
Table 3.21 Towns of origin of Indonesians cultured for Brachyspira pilosicoli. 
No. 
  Islands *  No. on the 
Map **  Towns of origin  No. of positive 
(%) 
Total 
sampled 
1  Sumatra  1  Aceh  1 (20)  5 
2    2  Medan  4 (40.0)  10 
3      Batam  0 (0.0)  1 
4      Bengkulu  0 (0.0)  1 
5    3  Padang  1 (20.0)  5 
6      Jambi  0 (0.0)  1 
7      Pekanbaru  0 (0.0)  1 
8      Palembang  0 (0.0)  3 
9      Lampung  0 (0.0)  5 
10  Kalimantan    Pontianak  0 (0.0)  1 
11      Samarinda  0 (0.0)  2 
12      Banjarmasin  0 (0.0)  2 
13      Palangkaraya  0 (0.0)  2 
14  Java  4  Jakarta  4 (9.5)  42 
15      Bandung  0 (0.0)  8 
16      Purwokerto  0 (0.0)  1 
17      Semarang  0 (0.0)  1 
18      Solo  0 (0.0)  2 
19    5  Yogyakarta  1 (4.2)  24 
20    6  Malang  1 (5.9)  17 
21      Surabaya  0 (0.0)  1 
22      Jember  0 (0.0)  1 
23  Sulawesi  7  Manado  3 (21.4)  14 
24      Palu  0 (0.0)  2 
25      Makasar  0 (0.0)  2 
26      Tondano  0 (0.0)  1 
27  Bali  8  Denpasar  1 (10.0)  10 
28  Lombok  9  Mataram  1 (16.7)  6 
29  Timor    Kupang  0 (0.0)  5 
30  Maluku    Ambon  0 (0.0)  2 
31  Irian/Papua    Jayapura  0 (0.0)  2 
      Total  17 (9.4)  180 
*: Geographical location is in order from west to east; **: Number refers to the 
location of towns on the map of Indonesia in Figure 3.6.                                                                                                                           Chapter III: Isolation of Brachyspira pilosicoli from humans                             
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Figure 3.6 Indonesian towns from where the positive people originated (Town numbering refers to Table 3.21). From: http://lonely 
planet.com.
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3.3.4.9 Duration of stay in Perth 
Individuals who were positive for B. pilosicoli had lived in Perth from between ten days 
and four and half years (mean 1.2 years) and the negative group from one week to four 
and half years (mean 0.7 year). There was no significant difference between the length 
of stay and colonisation with B. pilosicoli (f=2.5; df=1, 179; P=0.11). 
3.3.4.10 Results of multilocus enzyme electrophoresis (MLEE) and 
pulsed field gel electrophoresis (PFGE) of B. pilosicoli isolates 
The analysis by MLEE and PFGE of isolates of B. pilosicoli obtained in this part of the 
study is described in Sections 3.5, where the data is combined with that obtained from 
Indonesians living in Bali (Tables 3.32, 3.33, Figures 3.19, 3.20).  
3.3.5 Discussion 
3.3.5.1 Prevalence 
This study found that B. pilosicoli was relatively common amongst Indonesians who 
were short to medium term visitor to Perth. This result is consistent with previous 
reports where B. pilosicoli was isolated from the faecal samples from migrants entering 
Australia from Asia (25%), the Middle East (13.8%) and Africa (20%) (Brooke et al., 
2001a, 2006).  
There were six positive individuals in the group of Indonesian civil servant trainees who 
were in Perth for a period of only 10 days to 2.5 months. These people were most likely 
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of the infection have not been determined, Oxberry et al. (1998) reported isolation of    
B. pilosicoli from the faeces 34 days after a volunteer ingested B. pilosicoli. Similarly, 
Brooke et al. (2001a, 206) suggested that migrants may be infected in the country of 
origin or in the transit camps prior to entering Australia. 
The high educational status of the individuals sampled in this study, and therefore their 
likely better hygiene level, may have contributed to a lower level of faecal-oral 
transmission when compared with the general Indonesian population. Hence, it could be 
hypothesised that the prevalence in the general Indonesian population would be higher 
than in the individuals sampled in Perth. 
3.3.5.2 Age and gender 
People less than 18 years of age were 3.7 times more likely to be colonised with           
B. pilosicoli than were older people. This finding is consistent with the results of a study 
in Aborigines in the northern part of WA (Lee and Hampson, 1992), and in people from 
Oman (Barrett, 1990), where it was shown that colonisation was significantly more 
common between the ages of two and 18 years than in other age groups. 
There was no significant difference in colonisation between males (10.2%) and females 
(8.1%). Similar findings have been observed in PNG (Trott et al., 1997a), in Australian 
Aborigines (Lee and Hampson, 1992), and in migrants to Australia from Asia, the 
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3.3.5.3 Clinical symptoms and faecal consistency 
Others have suggested that B. pilosicoli can be present in apparently clinically healthy 
people (Barrett, 1990, Lee and Hampson, 1992, Trott et al., 1997a). Similarly, in the 
current study, the presence of B. pilosicoli was not significantly associated with the 
occurrence of diarrhoea, abdominal pain, headache, muscle/joint pain, or constipation. 
Although there was no significant difference in the faecal consistency of people who 
were positive or negative for B. pilosicoli, faeces with a wet clay consistency were 
slightly (although not significantly) more likely to contain B. pilosicoli than were 
normal faeces.  
3.3.5.4 Pet ownership and occupation 
Only two of the 17 (11. 8%) positive individuals owned a pet (one dog and one bird 
respectively), and there was no significant difference in the level of pet ownership for 
respondents who were positive (5.9%) or negative (19.0%) for B. pilosicoli. Similarly, 
there was no effect of occupational exposure to animals or animal products on the 
prevalence of B. pilosicoli. However, the Indonesians sampled in this study were 
primarily from urban areas and had few interactions with pets/animals. Similarly the 
animals they owned probably had few interactions with other animals and were 
therefore less likely to acquire spirochaetes. It is possible that transmission of               
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3.3.5.5 Duration of colonisation 
Of the 50 people who had multiple samples collected, 36 remained negative when re-
sampled one month after the initial sampling, and three remained negative after five 
months.  
Of the 14 people who were initially positive, 11 were positive one month after the initial 
sampling and one individual remained positive for up to five months. This indicates that 
individuals can be colonised with B. pilosicoli for an extended length of time. This is 
consistent with the findings of others who have shown that indigenous people from 
PNG, on average, were colonised for at least four months (Trott et al., 1997a) and an 
Aboriginal boy was positive for at least one year (Hampson and Lee 1992). However, in 
the current study and that of Trott et al. (1997a), it is uncertain if the people were 
continuously infected or whether they recovered from infection and were subsequently 
re-infected. Given the fact that many individuals who were re-sampled regularly were 
continuously negative, it is unlikely that re-infection occurs commonly in urban settings 
in Australia. 
3.3.5.6 Duration of stay in Perth 
The duration of stay in Perth for all the positive individuals was in the range of ten days 
to 4.5 years. Although none of the individuals became positive during the repeat 
sampling, and transmission amongst Indonesians is likely to be uncommon due to good 
environmental hygienic conditions in Perth, some of the sampled Indonesians may have 
become infected in Australia from interactions with other Indonesians or family 
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the individual (a 38-year old male) who was positive for up to five months showed that 
these were related to an isolate from a 13-year old boy who was positive for up to three 
months. The 38-year old man was a postgraduate student at Murdoch University, as was 
the father of the boy. They were family friends and often visited each other. 
3.3.5.7 The number of positive members within one family  
There were two families with more than one member positive for B. pilosicoli; in one 
family three of the four family members tested were positive; and in the other two of 
three tested were positive (Table 3.19). The finding of B. pilosicoli colonisation in 
multiple members of some migrant families has been reported previously (Gad et al., 
1977, Tompkins et al., 1986, Brooke, 2006). In a previous study, of three families with 
multiple members, two were positive from three members tested, two from five 
members tested, and three from a family of six (Brooke, 2006). Similarly, Tompkins et 
al. (1986) reported the presence of more than one infected member within three families 
of Asian migrants in the UK. In Sweden, Gad and colleagues (1977) reported a case 
study of the observation of HIS in a mother and daughter, although the identity of the 
spirochaetes was unknown. These results suggests that transmission between Indonesian 
family members may have occurred in Australia, or prior to coming to Australia. 
Alternatively, it may indicate that all individuals in a family were exposed to the same 
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3.3.5.8 Towns of origin in Indonesia 
Indonesians who were sampled in this study originated from throughout Indonesia. The 
positive people originated from nine towns, which were distributed throughout the 
country (see Figure 3.6). Therefore, it would appear that B. pilosicoli is likely to be 
endemic amongst the human population of Indonesia. 
In conclusion, this study found that colonisation with B. pilosicoli was common in 
Indonesians living in or visiting Perth. Based on this finding, it is likely that                   
B. pilosicoli is endemic and spread throughout Indonesia.                                            Chapter III: Isolation of Brachyspira pilosicoli from humans 
                                                                                                                                                                                                  122 
 
 
 
 
 
 
 
 
 
 
 
 
ISOLATION OF BRACHYSPIRA 
PILOSICOLI FROM VILLAGERS AND 
OTHERS IN BALI, INDONESIA 
 
 
 
 
 
 
                                            Chapter III: Isolation of Brachyspira pilosicoli from humans 
                                                                                                                                                                                                  123 
3.4.1 Background information about Bali  
The island of Bali is located in the central region of Indonesia (see Figures 3.6, 3.7). 
The island is 5,561 km
2 in size (0.3% of the total land mass of Indonesia) and in 2000 
was populated by approximately 3 million people (BKPM, 2004, CountryReports, 
2005). Thus the population density is approximately 500 people/ km
2 (CountryReports, 
2005). 
The age of the workforce ranges from 15 to 54 years. The number of school age 
children (up to 14 years) is approximately three times more than the number of retired 
people (≥55 years) and the number of males and females are approximately equal 
(BKPM, 2004). 
The main income of people in traditional rural areas varies depending on the location 
and their skills. Some communities have strong artistic and craft traditions, with the 
main income based on self-employment in a number of trades such as painters, wood 
carvers, goldsmiths or dancers. People are also self-employed in the production of 
agricultural products such as rice, fruit and vegetables. Those farmers who grow rice 
usually own cattle that are used for cultivating the rice fields. The majority of the farms 
are smallholdings of less than one hectare. 
In general, people in rural areas keep a small number of animals, such as pigs, chickens, 
and ducks in the yard of their house. The houses in the villages are usually arranged into 
compounds with several families and up to four generations living in one compound 
(Figures 3.8, 3.9). The houses usually consist of three main separated areas: bedrooms, 
kitchen and family room, although traditionally there was no family room other than the 
open verandas on various separate houses (Figures 3.9, 3.10).                                           Chapter III: Isolation of Brachyspira pilosicoli from humans 
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Figure 3.7 Map of Bali and the location of sampled areas. 1: location of the 4 
traditional villages: Badung, Karang Suwung, Payangan Desa, and Melinggih; 
2: location of capital city of Denpasar, and location of the periurban area of 
Sesetan.  (From:  http://lonely  planet.com)
1 
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People in a compound usually share the same kitchen, toilet, and family open space. 
The number of bedrooms depends on the number of families and children in the house, 
but each room is usually shared by between two and four children (Cole, 1983). 
There is a room without walls (bale dangin) in the centre of the compound, and this 
functions as a family room for dining, playing or having a mid-day sleep (Figure 3.11). 
Between the rooms is open space with fruit trees and flowering plants where the 
animals and humans interact. The ground is bare soil, swept daily. A shared simple 
toilet and bathroom is usually built at the end of the compound (Figure 3.12). The toilet 
drains into a septic tank usually located behind or beneath the toilet. In the farmers‟ 
compounds there is a rice barn built off the ground. 
Only some rural areas are supplied with chlorinated tap water. However, the quality of 
the tap water does not meet the international drinking water standards and must be 
boiled prior to drinking.  
The interactions between people are close, and children or grandchildren and dogs 
interact together in daily life (Figures 3.13 to 3.15). 
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Figure 3.8 The entrance to one of the compounds in Karang Suwung. On the wall 
is written the names of the 5 households, and the number of males and females in 
each household. 
 
 
 
 
 
 
Figure 3.9 A bedroom, rice barns and part of the family room in one compound 
in the traditional village of Payangan Desa.  
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Figure 3.10 One of the bedrooms in a compound. A great-grandmother is shown 
having a rest on her bed. She sleeps outside the room during both the night and 
day.  
 
 
 
 
Figure 3.11 One of the grandmothers using the family room to prepare food.                                             Chapter III: Isolation of Brachyspira pilosicoli from humans 
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Figure 3.12 A toilet at the back of one of the compounds in Payangan Desa.  
 
 
 
Figure 3.13 Close interaction between a grandmother and her grandchild.                                            Chapter III: Isolation of Brachyspira pilosicoli from humans 
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Figure 3.14 Children in one of the compounds. 
 
 
 
 
 
Figure 3.15 A girl interacting with a dog in a compound.                                            Chapter III: Isolation of Brachyspira pilosicoli from humans 
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The average household owns approximately 2-10 pigs and 1-3 cattle. Pigs are the 
predominant livestock kept and have both economic and ceremonial importance. Pigs 
are usually fed with freshly cooked banana tree trunk mixed with rice husks. They are 
kept in a sty, which is usually cleaned by a female member of the family. During the 
day, the cattle are taken by the adult males to the rice field, usually two to three kms 
from the house to plough the rice field. In the compound, cattle are kept in a small 
wooden pen and fed freshly cut grass. 
Dogs, chickens, ducks and doves freely enter and leave the compound but are not 
normally permitted indoors. At night, dogs sleep outside or in the family room and 
consequently there is close contact between these animals and people, especially 
children (Figures 3.10, 3.15). Chickens sleep above the ground, often in trees in the 
compound. Adult males often keep roosters as pets for fighting and for entertainment. 
Cock fighting is an important part of the culture in Bali to remove evil spirits from the 
earth (Geertz, 1972).  
In the peri-urban region of Sesetan, some houses are small semi-detached houses. 
People rely on ground water collected from open wells, as there is no access to tap 
water. The water is boiled before being drunk. In general, sanitation is poorer in Sesetan 
than in the traditional villages. There is no drainage system, so the area is often flooded 
with a mixture of water and pig excreta. Figures 3.16 – 3.18 show a pigsty, area around 
the pigsty with a puddle of excreta and one of the wells in Sesetan.  
In the capital city of Denpasar, houses have similar amenities to houses in Australia 
e.g., bedrooms and toilet are inside the house. Some people in Denpasar have access to 
chlorinated water distributed by pipes to the houses. However, this water needs to be                                            Chapter III: Isolation of Brachyspira pilosicoli from humans 
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boiled prior to drinking, as its quality does not meet the standards for drinking 
(NHMRC, 2004). 
3.4.2 Origin of villagers and faecal collections 
Two sets of faecal samples were collected at a four-month interval (August and 
December 1999) from individuals living in six locations in Bali. Four of these sites were 
Balinese farming villages (Badung, Karang Suwung, Melinggih and Payangan Desa), 
located in the subdistrict Gianyar in the centre of Bali, approximately 40 km north of 
the capital, Denpasar. The fifth location, Sesetan, is a heavily populated peri-urban area 
located close to Denpasar, whilst the sixth location was near the centre of Denpasar. The 
location of the sampled villages in Bali is shown in Figure 3.7. Typical scenes from 
Sesetan are shown in Figures 3.16 – 3.18. 
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Figure 3.17 A puddle of pig excreta around a pigsty in Sesetan. 
 
 
 
 
Figure 3.18 One of the wells in Sesetan.                                            Chapter III: Isolation of Brachyspira pilosicoli from humans 
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The villages of Badung, Melinggih, and Payangan Desa are divided into four smaller 
sub-villages. Each sub-village is divided into compounds, with up to four houses in each 
compound. Three generations of a family are typically present within a compound. In 
these three villages a systematic sampling regime was implemented with every fourth 
compound sampled. In the fourth smaller village of Karang Suwung every household 
was included in the study. 
In the peri-urban region of Sesetan the majority of dwellings (120) were not contained 
within discrete compounds but were small semi-detached houses. The sampling in 
Sesetan was based on street maps. Each street was sampled, and every fourth house 
sampled. Where nobody was present in a selected house, the neighbouring house was 
visited. This continued until an owner was found who agreed to participate in the study. 
The people sampled in Denpasar were staff, students, and their family members 
associated with the Public Health and Clinical Department of the Veterinary School, 
Udayana University, and the Disease Investigation Centre (a Regional Veterinary 
Diagnostic Laboratory). All the staff were informed about the study and only those who 
were willing to provide faecal samples were included in the study. The majority of the 
people sampled in Denpasar had a university education.  
Nine adult expatriates from Australia submitted their faecal samples during the first 
visit. They were staff at the Indonesia Australia Language Foundation in Denpasar. 
Households were visited up to three times during each collection period. On the first 
occasion an adult family member was interviewed to collect information about the 
household, including the age of family members, their gender, primary occupation, 
ownership of animals, source of water and presence of clinical symptoms (diarrhoea, 
headache, constipation, muscle/joint pain, abdominal pain) and antibiotic administration                                            Chapter III: Isolation of Brachyspira pilosicoli from humans 
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in the month immediately preceding the sampling. Sample pots (70 ml volume, Sarstedt 
Australia) were left with the household for faecal collection. On the following morning, 
the household was revisited to collect the faecal samples. If samples were not provided 
on this visit, the house was revisited on the following day. 
At the second collection in December 1999, the same households that had been sampled 
on the first visit were re-visited, but not all individuals were available to be re-sampled. 
Consequently, additional samples were collected from other members of the family or 
from individuals in neighbouring households. In Denpasar, individuals from only 10 of 
the original 35 households were available for sampling on the second sampling. 
3.4.3 Testing of well water  
On the second visit, water from seven different wells in Sesetan was sampled and 
cultured for B. pilosicoli (Figure 3.18). The wells that were chosen were from those 
households with one or more people positive for B. pilosicoli on the first visit. 
Approximately two litres of water from each well was collected in a clean used drinking 
water or plastic soft drink bottle. Ten volumes of 200 ml from each well were 
centrifuged in a bench top centrifuge at 1000 x g for 10 minutes. Approximately the top 
150 ml of each volume was poured off and the remaining 50 ml volumes were mixed 
and then centrifuged at 1000 x g for another 10 minutes. The top part was removed until 
approximately 10 ml of the water was left. One ml of the water was then spread on a 
TSA plate and cultured for spirochaetes (Section 2.1).                                            Chapter III: Isolation of Brachyspira pilosicoli from humans 
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3.4.4 Results 
3.4.4.1 Prevalence 
During the study, 644 Balinese were interviewed and agreed to take part in the survey. 
On the first visit, however, faecal samples were only collected from 579 people. Of 
these, only 500 were successfully cultured. The remaining 79 could not be adequately 
cultured because of surface overgrowth with mould/yeasts or fast growing bacteria 
during the incubation period. These samples were not included in the analyses.  
The same households that were sampled on the first visit were re-visited for sampling in 
December 1999, four months after the initial visit. Samples were collected from 532 
people, but 40 of these samples could not be adequately cultured due to bacterial or 
fungal overgrowth. Consequently, 492 samples were successfully processed. Faeces had 
been collected from 375 of these people on the initial visit (117 new people were 
sampled). 
On the initial visit in August, B. pilosicoli was cultured from 59 of the 500 humans 
(11.8%; CI 9.0, 14.6). On the second visit, 62 of 492 humans were culture positive 
(12.6%; CI 9.7, 15.5). There was no significant difference in the prevalence between 
visits (
2=0.15; df=1, 1;  P=0.70). 
None of the nine samples collected from the Australian expatriates on the first visit were 
positive. This group did not provide any faecal samples on the second visit. Seven of the 
expatriates had lived in Bali for between six and 18 years, while the other two had lived 
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The prevalence between the villages was significantly different (Table 3.22). On the 
first visit (
2=13.40; df=1, 5;  P=0.020), the prevalence was highest in Sesetan (23.4%) 
and lowest in Melinggih (6.6%). People from the peri-urban Sesetan were 3.1 (CI 1.6, 
5.9) times more likely to be positive than people from the four traditional farming 
villages (Badung, Karang Suwung, Melinggih and Payangan Desa) (
2=12.33; df=1, 1;  
P=0.0004). Similarly the residents of Sesetan were 2.3 (CI 1.0, 5.1) times more likely to 
be positive than the population sampled in Denpasar (
2=3.85; df=1, 1;  P=0.05). There 
was no significant difference in the prevalence between residents of Denpasar (12%) 
and residents of the four traditional farming villages (average of 9.1%) (
2=0.69; df=1, 
1; P=0.41). 
The prevalences in Denpasar (22.6%), Karang Suwung (21.4%) and Sesetan (20.3%), at 
the second visit were all significantly higher (P < 0.05) than in Melinggih (8.9%), 
Badung (6.8%) and Payangan Desa (3.3%) (
2=24.70;  df=1, 5;  P=0.002). 
On the second visit, people from Denpasar were 2.5 (CI 1.0, 6.2) times more likely to be 
positive than residents of the four traditional farming villages (Badung, Karang 
Suwung, Melinggih and Payangan Desa) (
2=4.31;  df=1, 1;  P=0.04).  
There was no significant difference in the prevalence between residents of Sesetan 
(20.3%) and the population of Denpasar (22.6%) on the second visit (
2=0.07; df=1, 1;  
P=0.79). People from Sesetan were 2.2 (CI 1.2, 4.2) times more likely to be positive 
than people from the four traditional farming villages (Badung, Karang Suwung, 
Melinggih and Payangan Desa) (
2=5.83; df=1, 1;  P=0.016).  
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Table 3.22 Prevalence of Brachyspira pilosicoli in August and December 1999. 
 
Village 
 
First visit (August 1999)  Second visit (December 1999) 
No. of 
households 
present 
No. of 
households 
sampled 
No. people 
examined 
% positive 
( 95% CI) 
No. of 
households 
sampled 
No. people 
examined 
% positive 
( 95% CI) 
Sesetan  120  26  77  23.4
 abcde (13.9, 
32.8)  27  74  20.3
 fgh (11.1, 29.4) 
Badung  102  26  69  10.1
a (3.0, 17.3)  27  74  6.8
 fij (1.0, 12.5) 
Karang Suwung  50  30  77  9.1
c (2.7, 15.5)  31  98  21.4 
jkn (13.3, 29.6) 
Melinggih  120  30  106  6.6
 d (1.9, 11.3)  30  124  8.9 
gkl (3.8, 13.9) 
Payangan Desa  118  31  79  11.4
 e (4.4, 18.4)  30  91  3.3
 hmn (0.0, 7.0) 
Denpasar  NA  35  92  12.0
 b (5.3, 18.6)  10  31  22.6
 ilm (7.9, 37.3) 
Total  NA    500  11.8 (9.0, 14.6)    492  12.6 (9.7, 15.5) 
Within a column, superscripts with the same letter are significantly different (p<0.05). NA, not available                                           Chapter III: Isolation of Brachyspira pilosicoli from humans                                    
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There was no significant difference in the prevalence of B. pilosicoli in individual 
villages between visits (P > 0.05), except for Karang Suwung where the prevalence was 
higher on the second visit (
2=4.88; df=1, 1;  P=0.027). 
3.4.4.2 Age and gender 
The mean age of people who were positive (first visit 37.2, second visit 35.9 years) was 
not significantly different from that of culture negative people (first visit 32.6, second 
visit 35.3 years) (first visit: f
 =3.8; df=1, 499;  P=0.0516; second visit: f=0.06; df=1, 
491; P=0.811). On the first visit, although people who were 18 years and over 
(prevalence 13%) were 1.6 times (CI 0.8, 3.4) more likely to be positive than those less 
than 18 years (prevalence 7.9%), this difference was not significant (
2=1.75; df=1, 1; 
P=0.19). On the second visit, people who were 18 years and over (prevalence 13.1%) 
were 1.3 times (CI 0.6, 2.7) more likely to be positive than those less than 18 years 
(prevalence 10.3%), and this also was not significant (
2=0.49; df=1, 1;  P=0.48). 
When the age of people less than 18 years was categorised into four groups (2 years and 
under - before weaning; 3 – 5 years - pre-school; 6 – 10 years - pre-adolescent; 11 – 18 
years - adolescent) there were no significant differences in the prevalence between the 
age groups on either visit (first visit: 
2=1.6; df=1, 3;  P= 0.66, second visit: 
2=3.0; 
df=1, 3;  P=0.39) (Table 3.23). 
A total of 12.7% males and 10.7% females were positive on the first visit and 12.9% 
males and 12.3% females on the second visit. These differences were not significant 
(first visit: 
2=0.46; df=1, 1;  P=0.5, second visit: 
2=0.04; df=1, 1;  P=0.84). 
                                            Chapter III: Isolation of Brachyspira pilosicoli from humans                                    
                                                                                                                                                                                                  139 
Table 3.23 Prevalence of Brachyspira pilosicoli in different age groups. 
  First visit  Second visit 
Age range 
(years) 
No. people 
examined 
% positive 
(95% CI) 
No. people 
examined 
% positive 
(95% CI) 
0-2  10  10.0 (0.0, 28.6)  7  0.0 (0.0, 0.0) 
3-5  15  0.0 (0.0, 0.0)  13  7.7 (0.0, 22.2) 
6-10  29  10.3 (0.0, 21.4)  22  4.5 (.0, 13.3) 
11-18  60  8.3 (1.3, 15.3)  45  15.6 (5.0, 26.2) 
> 18  386  13.0 (9.6, 16.3)  405  13.1 (9.8, 16.4) 
Total  500  11.8 (9.0, 14.6)  492  12.6 (9.0, 14.6) 
 
3.4.4.3 Clinical symptoms 
Information on the presence of clinical symptoms (diarrhoea, headache, constipation, 
muscle, and joint pain, abdominal pain) in the month prior to sampling was obtained 
from each respondent. Headaches (30.6% on the first, 21.1% on the second visit) and 
muscle/joint pain (27.4% on the first, 13.8% on the second visit) were the most common 
clinical symptoms reported by the participants. However, there was no significant 
difference in colonisation with B. pilosicoli in people with and those without any of the 
recorded symptoms (all P values > 0.1) (Tables 3.24 and 3.25). 
None of the respondents who were taking antibiotic medication in the week prior to the 
first (n=10) or second (n=4) visit were positive for B. pilosicoli (Fisher‟s exact test P > 
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Table 3.24 Prevalence of Brachyspira pilosicoli in people with and without clinical 
symptoms at the first visit. 
Clinical 
Symptom* 
Prevalence in 
people with 
symptom (%) 
Prevalence in 
people without 
symptom (%) 
P value# 
Diarrhoea  6.7  12.3  0.26 
Abdominal pain  6.6  12.5  0.18 
Headache  11.8  11.8  0.99 
Muscle/joint pain  13.9  11.0  0.38 
Constipation  21.4  11.2  0.10 
#As determined by Fisher‟s exact test or Chi-squared test for independence.  
*People may have experienced more than one symptom. 
 
 
Table 3.25 Prevalence of Brachyspira pilosicoli in people with and without clinical 
symptoms at the second visit. 
Clinical 
Symptom** 
Prevalence in 
people with the 
symptoms (%) 
Prevalence in 
people without the 
symptoms (%) 
P value# 
Diarrhoea  9.5  12.7  0.76 
Abdominal pain  11.1  12.8  0.76 
Headache  24.2  20.7  0.53 
Muscle/joint pain  12.3  24.2  0.57 
Constipation  15.8  12.5  0.72 
# As determined by Fisher‟s exact test or Chi-squared test for independence. 
**People may have experienced more than one symptom. 
 
3.4.4.4 Faecal consistency 
More people had faeces with a normal or wet-clay consistency than watery faeces on 
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Table 3.26 Association between faecal consistency and the presence of Brachyspira 
pilosicoli.  
Faecal 
consistency 
First visit  Second visit 
No. people 
examined 
% positive (95% 
CI) 
No. people 
examined 
% positive 
(95% CI) 
Normal  243  13.2 (8.9, 17.4)  252  9.5 (5.9, 13.2) 
Wet clay  235  9.4 (5.6, 13.9)  188  19.7 (14.0, 25.4) 
Watery  22  22.7 (5.2, 40.2)  15  6.7 (0.0, 19.3) 
 
The prevalence of B. pilosicoli was highest in people with watery diarrhoea on the first 
visit (22.7%) and wet clay consistency (19.7%) on the second visit. However, there was 
no significant difference in the detection of B. pilosicoli between the three different 
faecal consistencies (first visit: 
2=4.3; df=1, 2; P=0.12; second visit: 
2=5.7; df=1, 2; 
P=0.06). 
On the first visit, watery faeces (22.7%) were 2.3 times (95% CI 0.8, 6.5) more likely to 
be positive than other (normal + wet-clay) faeces (11.3%), however this was not 
significant (
2=2.6; df=1, 1; P=0.10). 
On the second visit, people with wet (wet-clay + watery) faeces (15.8%) were 1.9 times 
(CI 1.0, 3.1) more likely to have spirochaetes detected in their faeces than were people 
with normal faecal consistency (9.5%) (
2=4.44; df=1, 1;  P=0.04). Altogether, normal 
+ wet-clay faeces were 2.1 times (95% CI 0.3, 15.9) more likely to be positive than 
were watery faeces (6.7%) (Fisher‟s exact test P=0.71). Wet-clay faeces were 1.9 times 
(95% CI 1.0, 3.2) more likely to be positive than normal faeces (
2=5.1; df=1, 1; 
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3.4.4.5 Animal ownership and occupation 
On the first visit over half (51.6%) of the respondents reported that their primary 
occupation was farming compared with 63.6% on the second visit. The proportion of 
farmers in the community varied from 4.4% in Denpasar to 93.5% in Karang Suwung. 
Overall, there was no significant difference in the prevalence of colonisation with        
B. pilosicoli between farmers (12.4%) and people with other occupations (11.2%) 
(
2=0.19; df=1, 1; P=0.67). 
Information on whether the respondents had frequent contact with animals was 
obtained. Non-farming occupations that had frequent contact with animals were mostly 
lecturers and students at the Veterinary School and staff at the Animal Disease 
Investigation Centre (11.2% and 8.4% prevalence on the first and second visits 
respectively). The prevalence of infection in people who had contact with animals 
(11.8% on the first and 15.2% on the second visit) was similar to that of people who had 
no contact with animals (11.8% and 11.6% on the second visit). These differences were 
not significant (first visit: 
2=0.00; df=1, 1; P=0.99; second visit: 
2=1.19; df=1, 1; 
P=0.28). 
Information on whether the respondents owned animals and the number of animals 
owned was also obtained. Most households (94.4% on the first and 98.2% on the 
second) owned at least one animal or bird. In the four villages (Badung, Melinggih, 
Payangan Desa and Karang Suwung) all households owned one or more animals. 
On the first visit, the prevalence of B. pilosicoli for people owning animals (11.2%) was 
not significantly different from those not-owning animals (21.4%) (
2=2.64; df=1, 1; 
P=0.1). However, on the second visit, the prevalence of B. pilosicoli for people owning                                            Chapter III: Isolation of Brachyspira pilosicoli from humans                                    
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animals (12.0%) was significantly lower than those not-owning animals (44.4%) 
(
2=8.44; df=1, 1; P=0.004). 
In Tables 3.27 and 3.28 the number of people positive with B. pilosicoli and ownership 
of each type of animals is summarised. In general, there was no significant difference 
between owning and not owning individual types of animals (except ducks and pigs). In 
the first visit, people who did not own ducks were 2.6 times (CI 1.3, 5.3) more likely to 
be positive (
2=7.63; df=1, 1;  P=0.006). On the second visit, people who did not own 
pigs were 2 times (CI 0.96, 4.4) more likely to be positive (
2=3.55; df=1, 1; P=0.059) 
with B. pilosicoli. 
Table 3.27 Prevalence of Brachyspira pilosicoli in people owning and not owning 
animals on the first visit. 
Animal 
type 
Prevalence 
owning (%) 
Prevalence 
not owning 
(%) 
P value by Chi-
square test 
Odd Ratio
+ 
(95% CI) 
Caged 
birds*  12.12  11.75  0.93  1.04 (0.47, 2.29) 
Cats  11.63  11.84  0.93  0.96 (0.47, 1.99) 
Cattle  10.20  12.83  0.37  0.77 (0.44, 1.37) 
Chickens  11.29  14.67  0.40  0.74 (0.37, 1.50) 
Dogs  10.51  14.86  0.18  0.68 (0.39, 1.20) 
Ducks  6.13  14.54  0.00  0.38 (0.19, 0.77) 
Pigs  11.44  13.48  0.62  0.84 (0.43, 1.66) 
*Excluding chickens and ducks 
+Calculated by comparing owning an animal with not owning the animal 
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Table 3.28 Prevalence of Brachyspira pilosicoli in people owning and not owning 
animals on the second visit.  
Animal 
type 
 
Prevalence 
owning (%) 
Prevalence 
not owning 
(%) 
P value by Chi-square 
test 
Odd Ratio
+ 
(95% CI) 
Caged 
birds*  9.10  13.15  0.36  0.66 (0.27, 1.60) 
Cats  15.29  12.04  0.41  1.32 (0.68, 2.56) 
Cattle  10.34  14.67  0.15  0.67 (0.39, 1.16) 
Chickens  23.28  3.09  0.24  0.62 (0.27, 1.40) 
Dogs  13.39  10.32  0.37  1.34 (0.70, 2.57) 
Ducks  10.81  13.73  0.35  0.76 (0.43, 1.34) 
Pigs  11.69  21.28  0.60  0.49 (0.23, 1.04) 
*Excluding chickens and ducks 
+Calculated by comparing owning an animal with not owning the animal 
3.4.4.6 Sources of water 
Approximately two thirds of people (65.6% on the first and 63.8% on the second visit) 
used tap water, whilst the remainder (34.4% and 36.2%) used water sourced from open 
wells. People who used well-water were 1.9 (CI 1.1, 3.2, 
2=5.05; df = 1, 1; P=0.02 on 
the first) and 1.1 times (CI 0.64, 1.96, 
2=0.16; df=1, 1; P=0.69 on the second visit) 
more likely to be positive than people who used tap water.  
3.4.4.7 Duration of colonisation  
A total of 375 people had their faecal samples cultured on both visits. There were 27 
(7.2%) people positive on the first visit but negative on the second visit and 29 (7.7%) 
people negative on the first visit but positive on the second visit. Eighteen people 
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(6), Karang Suwung (4), Denpasar (3), Melinggih (3) and Payangan Desa (2) and were 
from 16 different families. 
Table 3.29 Detection of Brachyspira pilosicoli from 375 people who provided faecal 
samples on both visits. 
Culture result of First visit-
Second visit  No. people sampled  % people sampled 
(95% CI) 
Negative-Negative  301  80.3 (76.2,84.3) 
Positive-Positive  18  4.8 (2.6, 6.9) 
Positive-Negative  27  7.2 (4.9, 9.8) 
Negative-Positive  29  7.7 (5.0, 10.4) 
Total  375  100 
 
Of the 125 people who were sampled on the first visit but who were not sampled on the 
second visit, 14 (11.2%) were positive on the first visit. In contrast, of the 117 people 
who were sampled on the second visit but not on the first, 15 (12.8%) were positive. 
These prevalences were not significantly different (
2=0.70; df=1, 1; P=0.15). 
3.4.4.8 Number of people positive for Brachyspira pilosicoli in one 
household 
There were 181 and 155 families sampled on the first and second visits, respectively. 
The people who were culture positive originated from 51 households/families on the 
first visit (27.1% of sampled families) and 43 families on the second visit (27.7%). On 
the first visit, 39 families (21.6%) had one member positive, 11 families (6.1%) had two 
members positive, and one family (0.6%) had three members positive (Table 3.30). On 
the second visit, 17.7% of families had one member positive, 3.9% had two members, 
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the number of positive family members between the two visits (
2=2.54; df=1, 4;  
P=0.64). 
Table 3.30 Numbers of members in a family who were positive for Brachyspira 
pilosicoli 
No. 
positive 
in a 
family 
 
Visits 
 
 
No. of members in a family 
One  Two  Three  Four  Five  Six  Total  Percentage of all 
families sampled 
One 
First  0  4  15  11  5  4  39  21.6 
Second  1  2  13  11  3  2  32  17.7 
Two 
First  0  0  5  6  0  0  11  6.1 
Second  0  0  2  3  1  1  7  4.5 
Three 
 
First  0  0  0  0  1  0  1  0.6 
Second  0  0  1  1  1  0  3  1.9 
Four 
 
First  0  0  0  0  0  0  0  0.0 
Second  0  0  0  0  0  1  1  0.6 
 
The number of people tested in one family ranged from one to six. There were several 
families with one or more members who were positive on the first but negative on the 
second sampling, or vice versa. The combinations are shown in Table 3.31. For 
example, in a family of two (family code 17) there was one member who was positive 
on the first sampling but became negative, and one who was negative on the first visit 
but became positive. In the families with three members (family code 19), one person 
was positive and two others were negative on the first sampling, whilst on the second 
visit, the same person was still positive, the second had become positive, but the third 
remained negative. Moreover, in a four member family (family code 184), two members 
were positive on the first visit but became negative on the second sampling, a third 
member who was negative on the first became positive on the second sampling, whilst 
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Table 3.31 Status of family members that had more than one member positive for 
Brachyspira pilosicoli * 
No. of members in 
family 
 
Family code  Family 
members 
Individual 
on first 
sampling 
Individual 
on second 
sampling 
2  17 
1  P  N 
2  N  P 
3 
19 
1  P  P 
2  N  P 
3  N  N 
51, 56, 70 
1  P  N 
2  N  P 
3  N  N 
108 
1  P  P 
2  P  N 
3  N  N 
34, 13 
1  P  N 
2  P  N 
3  N  P 
4 
17, 48, 113, 176 
1  P  N 
2  N  P 
3  N  N 
4  N  N 
50 
1  P  P 
2  N  P 
3  N  N 
4  N  N 
27, 183 
1  P  N 
2  P  P 
3  N  N 
4  N  N 
184 
1  P  N 
2  P  N 
3  N  P 
4  N  N 
5  126, 135 
1  P  N 
2  N  P 
3  N  N 
4  N  N 
5  N  N 
* Excludes families with members whose combination was only P-P or N-N on the 
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3.4.4.9 Testing of well water 
No spirochaetes were observed on microscopy or were cultured from any of the seven 
water samples taken from the wells of positive families. 
3.4.5 Discussion 
3.4.5.1 Prevalence 
The results of this study demonstrate that B. pilosicoli commonly colonises individuals 
in Bali. This result was consistent with previous studies that have shown that B. 
pilosicoli is common in indigenous people living in developing countries such as PNG 
(Trott et al., 1997a), Oman (Barrett, 1990), India (Mathan and Mathan, 1985, Munshi et 
al., 2003a, 2004), and West and Central Africa (Goossens et al., 1983, Macfie, 1917). 
The prevalence of infection in residents from the various villages varied considerably. 
Except in the case of the second visit to Karang Suwung, where the prevalence was 
21.4%, the prevalence in the four villages was generally low on both occasions (3.3-
11.4%). A similar low prevalence was found in one of five villages sampled in the 
Eastern Highlands of PNG (8.6%) (Trott et al., 1997a). In contrast, in their study, the 
prevalence in the other four villages studied varied between 22.6 to 30.1%. Amongst 
Indians on three tea estates in Assam, the prevalence of colonisation again varied (36.6, 
18.9 and 8.2 %) (Munshi et al., 2004). In contrast to the generally low prevalence in the 
traditional Balinese villages, the prevalence in people from the peri-urban area of 
Sesetan (23.4 and 20.3% at the two visits) was significantly higher. Sesetan is crowded, 
with large numbers of transient residents from other parts of Indonesia, has a high 
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environment (Figure 3.16). The high prevalence of colonisation may have been 
contributed to by contamination of the water supply by spirochaetes originating from 
animals or humans. In this area drinking water is often drawn from open shallow wells 
located adjacent to septic tanks and open drains, as shown in Figures 3.18. A possible 
role for water as a means of transmission of B. pilosicoli has been suggested previously 
(Trott et al., 1997a, Oxberry et al., 1998), and the use of well water was identified as a 
significant risk factor for B. pilosicoli colonisation in a recent study in India (Munshi et 
al., 2003b).  
Consistent with this, analysis of results from the questionnaire in the current study 
identified an increased risk of colonisation amongst people who used well water 
compared to people who had access to tap water, at least on the first visit. The second 
visit in December coincided with the wet season, and it is likely that polluted ground 
water was diluted and/or washed away by the heavy rainfall. None of the seven water 
samples were positive, although the failure to detect B. pilosicoli in the water may have 
been associated with the likely low level of sensitivity of the diagnostic technique used. 
The level of colonisation in people from Denpasar on the initial visit (12%) was similar 
to that of people from the four traditional villages, whilst on the second visit the 
prevalence was considerably higher (22.6%). The apparent increase in prevalence 
between visits may have been biased by the relatively small number of people who 
provided samples on the second visit. It would be expected that the prevalence amongst 
relatively affluent and well-educated individuals in the city would be lower than that 
found in Sesetan, and more consistent with that found during the more extensive 
sampling at the first visit. In a study in PNG (Trott et al., 1997a), whilst there were 
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9.3 % of indigenous people living in an urban environment, and in none of a group of 
expatriates living in that environment. Again this low prevalence was attributed to the 
availability of relatively good sanitation and appropriate hygienic conditions in the 
particular urban environment. All of the small number of expatriates examined in the 
current study were also negative, again emphasizing the likelihood of strong 
environmental influences on colonisation. 
The second visit to the village of Karang Suwung unexpectedly gave a significantly 
higher prevalence than on the first visit (21.4 % compared to 9.1 %). There was no 
obvious explanation for the increase, especially as 95% of the same people were 
sampled on both visits. One possible scenario would be that the whole village was 
exposed to a new source of B. pilosicoli prior to the second sampling, perhaps through 
faecal contamination of the water supply. 
The relatively high colonisation rate in Balinese people and the fact that some were still 
positive on the second visit indicates that B. pilosicoli is endemic amongst the Balinese 
population. 
3.4.5.2 Age and gender  
There was no significant difference in either the prevalence between age groups or in 
the mean age of positive and negative people.  
As with other studies, there was no gender difference for being positive with B. 
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3.4.5.3 Clinical symptoms 
There was no significant association between colonisation and the presence of clinical 
symptoms (diarrhoea, abdominal pain, headache, muscle/joint pain or constipation). In 
part, this could be associated with some level of immunity gained in early childhood 
during primary infection, which may have reduced the extent of colonisation during 
subsequent secondary infections. It would have been useful to try to grade the extent of 
colonisation based on the amount of growth on the plate, but unfortunately this was not 
recorded.  
3.4.5.4 Faecal consistency  
The current study found that there was no significant difference in the detection of       
B. pilosicoli between the three faecal consistencies although individuals with watery or 
wet-clay faeces were more likely to have B. pilosicoli in their faeces than were 
individuals with normal stools. Similarly, studies amongst Aboriginal children in 
Australia and villagers in PNG found that isolates were more common in individuals 
with watery stools than in those with normal stools (Lee and Hampson, 1992, Trott et 
al., 1997a).  
3.4.5.5 Sources of water and animal ownership 
As previously stated, the only factor that was significant was an increased prevalence 
amongst individuals who obtained their water from wells, compared to taps. Munshi et 
al., (2004), in their study in India, found significant factors for colonisation by             
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and not having visited a doctor in the last 12 months. In contrast, chlorinated water 
treatment was shown to be associated with protection from infection. 
In the traditional villages, where the water was predominantly chlorinated and sourced 
from a tap, a possible source of infection is from animals kept by households, as most 
households (94.4%) owned at least one type of animal or bird (Tables 3.27, 3.28). The 
initial plan was to collect faecal samples from animals living in the same households of 
Balinese people sampled in the study, and to compare the genetic relatedness of the 
isolates. Unfortunately, this work was not possible to perform because of restrictions on 
the importation of fresh animal faecal samples into Australia. 
3.4.5.6 Duration of colonisation 
The results from the current study suggest that the duration of colonisation amongst 
Balinese can be at least four months, since 18 of the respondents were positive on the 
two consecutive visits. Although it was not possible from the current work to determine 
the exact duration of colonisation,  Lee and Hampson (1992) reported that three 
Aboriginal children were still positive one year after sampling. Also one child, who was 
initially positive, became negative after one year and then positive again in the second 
year. Similarly, Trott et al. (1997a) reported that 27 of 29 (93.1%) villagers in PNG 
were still positive 6 weeks after the initial sampling. However, it is not known if these 
individuals were continuously infected or expelled the bacteria and were subsequently 
reinfected with the same or different strains. 
There were 27 (7.2%) people positive on the first visit but negative on the second visit, 
and 29 (7.7%) people negative on the first visit but positive on the second visit (Table 
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detection procedure. The sensitivity of direct culture depends on the number and 
viability of the Brachyspira in the sample, and the stage of infection at the time of 
collection (Kunkle and Kinyon, 1988). Atyeo (1997) reported that detection by culture 
required 10
3-10
5 organisms per gram of faeces. It is probable that some individuals who 
were sampled were colonised at an undetectable level. The use of more sensitive 
techniques such as direct faecal PCR (Combs et al., 1994, Park et al., 1995, Atyeo et 
al., 1998, Mikosza et al., 2001b) or quantitative PCR should permit a more accurate 
determination of the prevalence. 
3.4.5.7 Number of people positive in one household  
There were 6.6% (12/181) and 7.1% (11/151) of families who had more than one 
member positive on the first and second sampling, respectively. In the second sampling, 
in a family of six members, there were four members who were culture positive (Table 
3.30). The existence of multiple members of a family being culture positive has been 
reported before (Gad et al., 1977, Tompkins et al., 1986, Brooke, 2003), and was also 
observed in Indonesians in Perth (Section 3.3.4.7). This situation is probably due to 
transmission between family members, as transmission between animals in close 
contact is commonly reported (Songer et al., 1978, Oxberry et al., 1998, Oxberry and 
Hampson, 2003a). Further, Songer et al. (1978) reported that some pigs may carry a low 
number of B. hyodysenteriae that cannot be detected by culture, but that they could still 
transmit the infection to other pigs through the faecal oral-route. The ability of             
B. pilosicoli to survive in the environment, such as in water for 4 days at 25
oC and up to 
66 days at 4
oC (Lee and Hampson, 1992, Oxberry et al., 1998), in soil for 119 days at 
10
oC, and soil with 10% faeces added for up to 201 days (Jensen et al., 2001), may 
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3.4.5.8 Testing of well water 
Brachyspira pilosicoli was not cultured from the water in any of seven wells. 
Unfortunately, not enough wells were sampled to confirm the presence or absence of 
spirochaetes in well water. It is likely that the number of spirochaetes present in water 
samples is low, and larger volumes of water are required to be sampled to detect the 
bacterium. More sensitive detection systems such as filtering large volumes of water 
and/or using PCR may identify more contaminated water supplies. This is worthy of 
further study, as the work of Munshi et al., (2004) indicates that well water is a potential 
risk factor for infection. 
In conclusion, B. pilosicoli is endemic amongst the Balinese population. Improper 
environmental sanitation and unchlorinated water sources are risk factors for infection. 
3.5 MULTILOCUS ENZYME ELECTROPHORESIS (MLEE) AND 
PULSED FIELD GEL ELECTROPHORESIS (PFGE) ANALYSIS OF 
ISOLATES 
In order to assist in understanding the molecular epidemiology of B. pilosicoli, subsets 
of isolates were recovered from storage and subjected to MLEE and PFGE to determine 
their relatedness.  
3.5.1 Cell preparation for MLEE 
Although attempts were made to harvest cells of B. pilosicoli from all the positive 
individuals, only some grew from storage at -80
oC. These isolates included 41 from 
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from the Reference Laboratory for Intestinal Spirochaetes. Control isolates consisted of 
WesB (from an Aborigine from the Kimberleys) (Lee and Hampson, 1992), P43/6/78
T 
(Porcine type strain) (Taylor et al., 1980) and V2717 (from a Papua New Guinean 
villager) (Trott et al., 1997a). The cells that had been stored at -80
oC in broth were 
thawed and grown in 10 ml volumes of Kunkle‟s broth in the manner described in 
Sections 2.1.2 and 2.1.3. This volume was then transferred to 350 ml of anaerobic broth 
in a larger bottle and again incubated at 37
oC for 72-96 hours until mid log phase or a 
density of 10
5-10
6 cells/ml was reached. The culture was harvested by centrifugation at 
12,000 x g at 4
oC for 20 minutes and washed with PBS. The supernatant was discarded 
and the pellet was resuspended in one ml of sterile PBS. This centrifugation-washing 
cycle was repeated and the cell pellet was resuspended in 1 ml of sterile distilled water 
and stored in Eppendorf tubes at -20
oC for later enzyme extraction.  
The method of enzyme extraction and electrophoresis is described in Section 2.3.1. 
3.5.2 Results of Multilocus Enzyme Electrophoresis (MLEE) 
Analysis of the B. pilosicoli isolates by MLEE described in this Section covers a subset 
of isolates obtained from Indonesians living in Perth (Section 3.3) and in Bali (Section 
3.4), as well as the three control strains. The MLEE analysis showed that the 57 isolates 
were genetically heterogenous, being grouped into 44 electrophoretic types (ET) (Table 
3.32, Fig 3.19). The overall genetic diversity was 0.26. 
There were 12 sets of isolates with similar ETs. Two sets were obtained from the same 
individuals, and ten other sets were from different individuals. For example, ET 24 
consisted of two isolates from a 38-year old male from Perth, obtained at an interval of 
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at a two-month interval;  ET 9 consisted of isolates from a 30-year female from 
Denpasar and a 60-year female from Payangan Desa;  ET 14 consisted of isolates from 
a 30-year female from Badung and a 40-year male from Melinggih; and ET 40 consisted 
of an isolate from a 20-year old male from Karang Suwung and the reference strain 
WesB, originally isolated from an Aboriginal child in Australia (Lee and Hampson, 
1992).  
Several isolates obtained from the same individuals did not have the same ETs. For 
example, one of three isolates belonging to a 43-year male from Perth that were 
collected one month apart was located in ET 26 whilst the other two were in the related 
but distinct ET 27. Three isolates located in ETs 19, 35 and 36 belonged to a 13-year 
boy from Perth and were collected at monthly intervals. Isolates in ETs 35 and 36 were 
closely related, but ET 19 was at a considerable distance from the others. Further, 
isolates in ETs 16 and 33 were from a 30-year old female from Denpasar obtained at a 
four month interval, and again were located a considerable distance apart. 
Some isolates were from four families (A, B, C and D) with more than one member 
positive: family A, ETs 4 and 32; family B, ETs 15 and 30; family C, ETs 10 and 42; 
family D, ETs 17, 18, and 40 (Table 3.32). Families A and B lived in Sesetan and C and 
D in Karang Suwung. None of the isolates from members of the same family were 
closely related. 
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Table 3.32 MLEE type and origin of isolates of Brachyspira pilosicoli isolated from 
Indonesians in Perth and villagers in Bali. 
Electrophoretic 
type
 + 
Isolate 
Designation*  Gender/age
#  Location/description** 
1  1A  M/42  Bali-Denpasar 
2  14A  F/70  Bali-Denpasar 
3  23A  M/51  Bali-Sesetan 
4  24A  M/35  Bali-Sesetan   A 
5  7A  M/30  Bali-Sesetan 
6  10A  M/60  Bali-Sesetan 
7  21A  F/47  Bali-Badung 
8  2B  M/39  Bali-Denpasar 
9  5B  F/30  Bali-Denpasar 
9  26A  F/60  Bali-P Desa 
10  29A  M/50  Bali-K Suwung   D 
11  42B  F/30  Bali-Badung 
12  39A  F/27  Bali-Melinggih 
13  7B  M/9  Bali-Sesetan 
14  12A  F/30  Bali-Badung 
14  27A  M/40  Bali-Melinggih 
15  43B  F/24  Bali-Sesetan    B 
16  1B 
d  F/30  Bali-Denpasar 
17  8B  M/60  Bali-K Suwung    C 
18  5B  F/29  Bali-Sesetan 
18  9B  M/14  Bali-K Suwung    C 
19  30A  M/13  Perth-Lombok 
19  8C  M/62  Bali-P Desa 
20  9A  M/13  Bali-P Desa 
21  14B  M/70  Bali-Melinggih 
21  15B  M/28  Bali-Melinggih 
22  15A  M/39  Bali-Sesetan 
23  16A  M/30  Bali-Sesetan 
24  5C 
b  M/38  Perth-Menado 
24  6C
 b  M/38  Perth-Menado 
25  8A  M/20  Bali-K Suwung 
26  19A  M/40  Bali-Badung 
26  7C
 a  M/43  Perth-Medan 
27  3C
 a  M/43  Perth-Medan 
27  4C
 a  M/43  Perth-Medan 
28  20A  M/20  Bali-K Suwung 
28  22A  F/25  Bali-Denpasar 
29  5A  M/10  Bali-Badung 
30  36A  M/26  Bali-Sesetan   B 
31  3A  M/49  Bali-Melinggih 
31  13A  F/45  Bali-K Suwung 
32  28A  F/32  Bali-Sesetan   A 
32  18A  F/45  Bali-Sesetan 
32  41A  M/52  Bali-Melinggih 
33  4A 
d  F/30  Bali-Denpasar 
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35  37C
 c  M/13  Perth-Lombok 
36  8C
 c  M/13  Perth-Lombok 
37  9C  M/35  Perth-Yogya 
38  1C  M/35  Perth-Medan 
39  2C  M/39  Perth-Aceh 
40  10B  M/20  Bali-K Suwung    C 
40  WesB  M/child  Aboriginal control strain 
41  14C  F/45  Perth-Jakarta 
42  33A  M/12  Bali-K Suwung    D 
43  P43/6/78
T  Pig  Porcine control strain 
44  V2717  N/A  PNG control Strain 
 
+ Adjacent isolates with the same shading were identical in MLEE  
 
*Isolates with the same superscript were from the same individual. Isolates 
labelled A were from Bali in the first sampling, isolates labelled B were 
from Bali in the second sampling, and isolates labelled C were from Perth.  
# M, male; F, female. Age in years.  
 
** Initial: Bali, means respondents from Bali; Perth, means respondents from 
Perth followed by the name of their town or village in Indonesia. K 
Suwung-Karang Suwung, P Desa-Payangan Desa. Isolates with the same 
letter after the location were from the same family/household.  
 
The reference strains shown in blue were from an Australian Aboriginal child, a 
Papuan adult and a porcine control strain, and were located in ET types 40, 
43 and 44.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.19 On the next page is shown a MLEE dendrogram constructed using 
isolates  from  Indonesians  in  Perth  and  Bali,  Indonesia.  Electrophoretic  types 
containing more than one strain are coloured red. ETs with the same letter were 
from the same individual. Control strains are located in ETs 43 and 44 and are 
coloured  blue,  whilst  control  strain  WesB  in  ET  40  is  indicated  with  a  blue 
dashed line.  
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3.5.3 Spirochaetes analysed for PFGE 
Sixty-five isolates of B. pilosicoli were analysed by PFGE, using the methods described 
in Chapter 2 section 2.3.2. These originated from 48 Balinese in Indonesia, 11 
Indonesians living in Perth, and six control isolates from the Reference Laboratory for 
Intestinal Spirochaetes at Murdoch University. Control isolates consisted of WesB 
(from an Aboriginal from the Kimberley) (Lee and Hampson, 1992), P43/6/78
T (Porcine 
type strain) (Taylor et al., 1980), Gap 401 (from a homosexual male in Sydney) 
(Trivett-Moore et al., 1998), 31B (Omani reference strain) (Barrett, 1990), H21 and  
167 (Aboriginal reference strains) (Lee and Hampson, 1992). Only 46 of the isolates 
had previously been examined by MLEE. The other isolates used in MLEE could not be 
revived from frozen stocks.  
3.5.4 Result of PFGE typing following MluI and Sma1 restriction 
digestion 
Digestion of DNA with MluI gave 7-11 DNA bands, with clear and reproducible 
patterns. PFGE using MluI on these isolates, plus the control strains, divided them into 
58 PFGE types (Table 3.33, Figure 3.20). There was no clear pattern of genetic 
relationship between isolates by town, village, or family of origin. Two of the six 
reference strains (P43/6/78
T and H21) were in different positions in the dendrogram 
(PFGE types 3 and 26), whilst the four others were close together (PFGE types 55, 56, 
57 and 58; Figure 3.20, Table 3.33). 
Using MluI, only five PFGE groups contained multiple isolates. All other MluI derived 
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related. Isolates that were recovered from Perth and the first visit in Bali were equally as 
diverse in terms of their PFGE pattern as those on the second sampling. 
There were five sets of isolates that were identical and six sets of isolates that differed in 
only one or two DNA bands after digestion with MluI, and hence appeared closely 
related. These isolates belonged to the same or different individuals. 
There were five sets of related isolates that were obtained from five individuals. Three 
were identical (PFGE types 19, 36, 40), one was closely related (PFGE types 40 and 
41), and one pair was not closely related (PFGE types 5 and 11). The latter originated 
from a 30-year female in Denpasar. 
The three isolates in PFGE type 19 were a pair from a nine-year-old boy from Sesetan, 
obtained at four-month intervals, and one from a 60-year old male, collected at the first 
visit, who came from a different household in Sesetan. PFGE types 36 and 40 contained 
two pairs of isolates from 43 and 38-year old males from Perth, collected two to five 
months apart. One isolate obtained from a boy aged 13 from Perth was also identical 
with two isolates from a 38-year old male (PFGE type 40).  
There were seven identical or closely related isolates belonging to separate individuals. 
PFGE type 30 contained two identical isolates obtained at the second visit from two 
males aged 60 and 14 who came from the same household in Karang Suwung. PFGE 
type 31 consisted of an isolate from a 25-year old female from Sesetan, obtained at the 
first visit, and an isolate from a 20-year old male from Karang Suwung, obtained at the 
second visit. The related PFGE types 12 and 13 were obtained from Karang Suwung 
and Sesetan. An isolate in PFGE type 17 also differed slightly from those in PFGE type 
18, but in this case were from a 60-year old male from Sesetan and a 13-year old male 
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Table 3.33 MluI PFGE types 1 – 58 for Brachyspira pilosicoli strains isolated from 
Indonesians and reference strains (shown in blue).  
MluI PFGE 
type
§  Isolate designation*  Gender/age†  Location/description
≠ 
1  1C  M/35  Perth-Medan 
2  2C  M/39  Perth-Aceh 
3  P43/6/78
T  N/A  Porcine type strain 
4  1A  M/27  Bali-Sesetan 
5  1B  
a  F/30  Bali-Denpasar 
6  21A  F/47  Bali-Badung 
7  3A  M/49  Bali-Melinggih 
8  2B  F/40  Bali-Sesetan 
9  43B  M/23  Bali-K Suwung 
10  4B  M/23  Bali-Sesetan 
11  4A  
a  F/30  Bali-Denpasar 
12   
a  5A  M/52  Bali-K Suwung   A 
13   
a  6A  M/55  Bali-Sesetan    B 
14  2B  F/29  Bali-Sesetan 
15  7A  M/30  Bali-Sesetan 
16  8A  F/30  Bali-Denpasar 
17 
b  6B  M/60  Bali-Sesetan 
18 
b  9A  M/13  Bali-P Desa 
19  10A  M/60  Bali-Sesetan 
19  11A  
b  M/9  Bali-Sesetan 
19  7B   
b  M/9  Bali-Sesetan 
20  12A  F/30  Bali-Badung 
21  13A  F/45  Bali-K Suwung 
22  14A  F/70  Bali-Denpasar 
23  15A  M/39  Bali-Sesetan 
24  16A  M/30  Bali-Sesetan 
25  17A  M/27  Bali-Sesetan 
26  H21  child  Aboriginal control strain 
27  18A  F/45  Bali-Sesetan 
28  19A  M/40  Bali-Badung 
29  20A  M/20  Bali-K Suwung 
30  8B  M/60  Bali-K Suwung     C 
30  9B  M/14  Bali-K Suwung     C 
31  21A  F/25  Bali-Sesetan 
31  10B  M/20  Bali-K Suwung    A 
32  22A  F/25  Bali-Denpasar 
33  23A  M/51  Bali-Sesetan 
34  11B  M/20  Bali-K Suwung 
35  12B  F/35  Bali-Denpasar 
36  3C  
c  M/43  Perth-Medan 
36  4C  
c  M/43  Perth-Medan 
37  24A  M/35  Bali-Sesetan 
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39 c  25A  M/50  Bali-Sesetan    B 
40  5C  
d  M/38  Perth-Menado 
40  6C  
d  M/38  Perth-Menado 
40
   d  7C  
e  M/13  Perth-Lombok 
41  
d  8C  
e  M/13  Perth-Lombok 
42  
e  14B  M/70  Bali-Melinggih 
43  
e  15B  M/28  Bali-Melinggih 
44  26A  F/60  Bali-P Desa 
45  27A  M/40  Bali-Melinggih 
46  28A  F/32  Bali-Sesetan 
47  
f  9C  M/35  Perth-Yogya 
48  
f  29A  M/50  Bali-K Suwung    C 
49  30A  M/62  Bali-P Desa 
50  10C  F/30  Perth-Jakarta 
51  11C  M/38  Perth-Medan 
52  41A  M/52  Bali-Melinggih 
53  32A  F/55  Bali-Denpasar 
54  16B  F/25  Bali-Sesetan 
55  GAP 401  M/Adult  Sydney, Australian 
homosexual 
56  Ref 31B  child  Omani control strain 
57  Ref 167  child  Aboriginal control strain 
58  WesB  child  Aboriginal control strain 
 
§ Highlight indicates identical isolates digested with Mlu1; isolates with the same 
superscript were 90% similar or differed in only one to three bands. 
*  Isolates  with  the  same  superscript  were  from  the  same  individual.  Isolates 
labelled A were from the first visit, isolates labelled B were from the second visit, 
and isolates labelled C were from Perth, followed by the name of town/village in 
Indonesia. 
† M, male; F, female. Age in years. 
≠ K Suwung, Karang Suwung; P Desa, Payangan Desa. 
 
Isolates with the same letter after the location are from the same household. 
The six reference strains are shown in blue and included the porcine type strain, 
three strains from Australian Aboriginals, one from an Omani national, and one 
from a Sydney homosexual, and are located in PFGE types 3, 26, 55, 56, 57 and 
58. 
 
 
 
 
 
Figure 3.20 On the next page a dendrogram constructed from PFGE results and 
showing relationships between 65 isolates of B. pilosicoli digested with Mlu1 is 
presented.  PFGE  types  with  more  than  one  strain  are  coloured  red.  The 
reference strains, including the porcine type strain, and Aboriginal, Omani and 
Sydney control strains are located in Mlu1 type 3, 26, 55 – 58, and are shown in 
blue.                                           Chapter III: Isolation of Brachyspira pilosicoli from humans                                    
                                                                                                                                                                                                  164 
100 80 60 40 20 0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58                                           Chapter III: Isolation of Brachyspira pilosicoli from humans                                    
                                                                                                                                                                                                  165 
 
                      1   2    3    4    5    6    7    8   9  10   11  12   13  14  15 
 
 
Figure 3.21 PFGE banding patterns obtained from SmaI digestion of strains in 
Mlu1 types 40, 19, 30, 31 and 36. Lanes 1 and 15 are lambda molecular mass 
markers. Strains 5C, 6C, 7C, 10A, 11A, 7B, 8B, 9B, 21A, 10B, 3C and 4C are 
shown in lanes 2 – 13. 
 
Further typing using Sma1 restriction enzyme was performed on the 5 sets of isolates 
(from 9 individuals) (isolates no. 5C, 6C, 37C in PFGE type 40; 10A, 11A, 7B in PFGE 
type 19; 8B, 9B in PFGE type 30; 21A, 10B in PFGE type 31; and 3C, 4C in PFGE type 
36) that were indistinguishable by Mlu1 digestion. The isolates tested could not be 
further differentiated by Sma1 digestion (Figure 3.21). 
There were three households that had multiple members positive for B. pilosicoli that 
were analysed with PFGE. One household from Karang Suwung had two members with                                            Chapter III: Isolation of Brachyspira pilosicoli from humans                                    
                                                                                                                                                                                                  166 
identical isolates (PFGE type 30). Another isolate from the same household was not 
related (PFGE type 48), but was closely related to PFGE type 47, obtained from a 35-
year old male from Perth. 
3.5.5 Comparison of MLEE and PFGE  
There were 46 isolates (8 from Perth and 38 from Bali) that were successfully analysed 
by both MLEE and PFGE (Table 3.34). Analysis with MLEE divided them into 37 ET 
types (including 8 sets of related isolates) whilst PFGE divided them into 43 PFGE 
types (including 3 sets of identical and 2 sets of closely related isolates). There were 
three sets of isolates that were related by MLEE and were also identical or closely 
related by PFGE. The related isolates in both ET types 24 and 27 were identical by 
PFGE (types 40 and 36, respectively). The PFGE type 30 consisted of ET types 17 and 
18 that were closely related by MLEE (Figure 3.19). Furthermore, isolates in ET type 
21 were closely related by PFGE and were also closely related by MLEE (types 42 and 
43 (Figure 3.20, Table 3.34).  
There were five sets of isolates (ET types 14, 18, 28, 31 and 32) that had the same ET 
types but appeared unrelated in PFGE after digestion with MluI.                                            Chapter III: Isolation of Brachyspira pilosicoli from humans                                    
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Table 3.34 Isolates of Brachyspira pilosicoli that were analysed with both MLEE 
and PFGE. 
MLEE 
Electrophoretic 
type 
+ 
MluI PFGE type
§  Isolate designation*  Gender/age†  Location/description
≠ 
2  22  14A  F/70  Bali-Denpasar 
3  33  23A  M/51  Bali-Sesetan 
4  37  24A  M/35  Bali-Sesetan 
5  15  7A  M/30  Bali-Sesetan 
6  19  10A  M/60  Bali-Sesetan 
7  6  21A  F/47  Bali-Badung 
9  44  26A  F/60  Bali-P Desa 
10  48  29A  M/50  Bali-K Suwung 
13  19  7B  M/9  Bali-Sesetan 
14  20  12A  F/30  Bali-Badung 
14  45  27A  M/40  Bali-Melinggih 
15  8  43B  F/24  Bali-Sesetan 
16  5  1B  F/30  Bali-Denpasar 
17  30  8B  M/60  Bali-K Suwung 
18  30  9B  M/14  Bali- K Suwung 
18  14  5B  F/29  Bali- Sesetan 
19  49  8C  M/62  Bali-P Desa 
20  18  9A  M/13  Bali-P Desa 
21  42  14B  M/70  Bali-Melinggih 
21  43  15B  M/28  Bali-Melinggih 
22  23  15A  M/39  Bali-Sesetan 
23  24  16A  M/30  Bali-Sesetan 
24  40  5C  M/38  Perth-Menado 
24  40  6C  M/38  Perth-Menado 
25  16  8A  M/20  Bali-K Suwung 
26  28  19A  M/40  Bali-Badung 
27  36  3C  M/43  Perth-Medan 
27  36  4C  M/43  Perth-Medan 
28  29  20A  M/20  Bali-K Suwung 
28  32  22A  F/25  Bali-Denpasar 
29  12  5A  M/10  Bali-Badung 
31  7  3A  M/49  Bali-Melinggih 
31  21  13A  F/45  Bali-K Suwung 
32  46  28A  F/32  Bali-Sesetan 
32  27  18A  F/45  Bali-Sesetan 
32  52  4A  M/52  Bali-Melinggih 
33  11  4A  F/30  Bali-Denpasar 
34  51  11C  M/38  Perth-Medan 
35  40  37C  M/13  Perth-Lombok 
36  41  8C  M/13  Perth-Lombok 
37  47  9C  M/35  Perth-Yogya 
38  1  1C  M/35  Perth-Medan 
39  2  2C  M/39  Perth-Aceh 
40  31  10B  M/20  Bali-K Suwung 
43  3  P43/6/78
T  N/A  Porcine type strain 
44  58  WesB  child  Aboriginal control strain 
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+ Adjacent isolates with the same shading were identical in MLEE  
≠ K Suwung, Karang Suwung; P Desa, Payangan Desa. 
The reference strains including one Aboriginal and a Porcine type strain, and are 
located in MLEE ET types 43 and 44, and are shown in blue.                                             Chapter III: Isolation of Brachyspira pilosicoli from humans                                    
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3.5.6 Discussion 
The use of MLEE and PFGE for strain typing of available isolates of B. pilosicoli from 
Indonesians in Bali and Perth showed that the spirochaetes were genetically 
heterogenous, and did not show any consistent pattern with respect to geographical 
location, family of origin or disease status of the individual from whom they were 
recovered.  
The heterogeneity of B. pilosicoli isolates examined by MLEE and/or PFGE has been 
reported in previous population studies in isolates from Aborigines in Australia (Lee 
and Hampson, 1992, Lee and Hampson, 1994), isolates from migrants in Australia 
(Brooke et al., 2001a, 2006), villagers in PNG (Trott et al., 1998), from human isolates 
originating from different parts of the world (Hampson et al., 1994, Lee, 1994), and in 
pigs and dogs (Atyeo et al., 1999a, Oxberry and Hampson, 2003b). Using MLEE, the 
genetic diversity of isolates obtained from Indonesians in this study (0.26) was very 
similar to the diversity amongst isolates collected from Aborigines in the Kimberleys, 
WA (0.29) (Lee, 1994), but the collection was more diverse than amongst isolates 
obtained from villagers in PNG (0.18) (Trott et al., 1998). 
The recovery of isolates with identical PFGE types from a 38-year old male, obtained 5 
months apart, suggests that colonisation by the same strain can last for at least five 
months. However, isolates from a 30-year old female from Denpasar, obtained four 
months apart, were widely disparate. This was probably due to re-infection with another 
strain between the two samplings. It was not clear whether the individual remained 
positive with the first strain, but in low numbers such that strain was not isolated at the 
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reinfection by another, suggests that these spirochaetes have the ability to avoid 
potential host immunological reactions directed against them. 
Isolates with identical PFGE types were also obtained from separate individuals. One 
isolate from a 13 year-old boy was identical with an isolate from a 38-year old male; 
they were both from Perth, but originated from different towns in Indonesia (Mataram 
in Lombok vs Menado in Sulawesi) (see Figure 3.6). However, both had contact and 
visited each other in Perth, when it is presumed that transmission may have occurred. 
Isolates from two family members who lived in the same household in Karang Suwung, 
Bali, were also identical by PFGE. The spirochaete may have been transmitted by 
faecal-oral contact, or a common external source, such as contaminated water. Such 
indirect transmission was unlikely to happen to individuals living in Perth. The presence 
of apparently identical strains of B. pilosicoli in humans from different parts of the 
world had been reported in previous MLEE and PFGE studies. Lee et al. (1993c) 
reported the presence of strains belonging to the same ET from an individual from Italy 
and an Aboriginal boy from WA, and from Western Australian Aboriginal children and 
a homosexual male in Sydney. How such strains have been disseminated remains 
uncertain. 
The results of MLEE and PFGE are difficult to compare. Results for some isolates 
showed agreement, whilst those for others did not. For example, multiple isolates 
belonging to a 43 year-old male collected four months apart, were related by MLEE 
(ETs 7 and 8) but were shown to be identical by PFGE. As PFGE is believed to be more 
discriminatory for strain typing than MLEE (Atyeo et al., 1999a, Trott et al., 1998), this 
suggests that the MLEE results in this case were not completely accurate.                                            Chapter III: Isolation of Brachyspira pilosicoli from humans                                    
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Overall, the use of strain typing of isolates helped to demonstrate the complex and 
variable molecular epidemiology of natural infections of B. pilosicoli in humans.         
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4.1 INTRODUCTION 
This section describes the isolation of intestinal spirochaetes from the faeces of various 
species of animals (dogs, cats, birds, production animals, Australian wildlife and non-
human primates). This study was initiated by the finding that 11- 23% of Indonesians 
living in Bali were positive for B. pilosicoli (Section 3.4). The religious beliefs and 
culture of the Balinese have created a close interaction between people, and of people 
with chickens, dogs and pigs (Covarrubias, 1972, Geertz, 1972, Cole, 1983) (Section 
3.4.1). Brachyspira pilosicoli has been considered to have zoonotic potential, as strains 
from humans and other species have been transmitted to mice, chickens and pigs (Sacco 
et al., 1992, Trott et al., 1995, Trott et al., 1996d Trott et al., 1996b, Trott et al., 1997b, 
Trott and Hampson, 1998), and similar strains have been found in humans and dogs in 
the same environment (Lee and Hampson, 1992, Lee, 1994, Lee and Hampson, 1994, 
Trott et al., 1998) (Section 1.2.5.4 and 1.3.3). Therefore, the initial plan was to collect 
faecal samples from animals living in the same households of Balinese people sampled 
in the study, and to compare the genetic relatedness of the isolates. Unfortunately, it was 
not possible to do this work because of restrictions on importing animal faeces into 
Australia. 
In Western Australia (WA), the prevalence of B. pilosicoli in Aborigines in remote rural 
areas has been reported as 9.9 - 32.6% (Lee and Hampson, 1992, Brooke et al.2001a, 
Brooke et al., 2006), and this suggested possible transmission of B. pilosicoli amongst 
people or from animals to people as a result of poor hygiene related to their lifestyle 
(Lee and Hampson, 1992, Brooke et al., 2001a, Brooke et al., 2006). Close interaction 
of Aborigines with dogs, wildlife, and the natural environment may have facilitated 
transmission of B. pilosicoli. Faecal droppings of wild birds that are positive for                                                    Chapter IV:  Isolation of intestinal spirochaetes from animals                            
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B. pilosicoli may contaminate lake or pond water, and subsequently spread to other 
animals that use these as a source of drinking water (Oxberry et al., 1998). Therefore, 
the aim of this study was to investigate the presence of B. pilosicoli in Australian 
wildlife. In addition, for comparison, samples from animals in a zoological collection, 
production animals, dogs, cats, and farmed ostriches were examined. 
4.2 MATERIALS AND METHODS 
All faecal samples were cultured on selective TSA plates followed the routine 
procedures used at the Centre for Intestinal Spirochaete Research at Murdoch 
University (described in Section 2.1). The specific methods for faecal sample collection 
for each animal species are described below. 
4.2.1 Samples from dogs  
During the period from October 1997 to May 1998, 315 faecal samples were collected 
from dogs. Samples were obtained from dogs in veterinary hospitals (87), boarding 
kennels (85), private households (76), dog refuges (48) and the premises of breeders 
(19). All sites sampled were located within the Perth metropolitan area. 
For the dog refuge, boarding kennels, and breeders, faecal samples were collected from 
the floor of the pen early in the morning before the pen was cleaned. The faecal samples 
were collected into 70 ml volume sterile sample jars. 
The 76 samples collected from private households included 29 faecal samples from 
dogs belonging to staff and students of the School of Veterinary and Biomedical 
Studies, Murdoch University. Most of these people also submitted their own faecal                                          Chapter IV:  Isolation of intestinal spirochaetes from animals                            
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samples for the healthy Caucasian study (Section 3.2). Forty-seven samples also were 
obtained from dogs attending an annual “dog wash,” organised by students of the 
Veterinary School. Samples were obtained by rectal swab, and the swabs were kept 
chilled on ice until processed within 24 hours. Information on the age and breed of the 
dogs was obtained at the time of sampling. 
Eighty-seven faecal samples were collected from canine patients of the Murdoch 
University Veterinary Hospital and from a private veterinary practice in Perth. From the 
hospitalised dogs, the faecal samples were collected from each patient‟s pen before the 
pen was cleaned. Information on each sampled dog was obtained from the hospital 
records. 
Twenty-six dogs originating from kennels (10), breeders (10) and private households 
(6) were sampled twice at intervals of between 8 and 14 days. 
Basic information on the dog‟s age and breed were collected at sampling. If the 
information was not available, the age and breed were estimated based on the dog‟s 
appearance. In this case, the age was categorised as puppy (<0.5 year), young (0.5-1 
years) or adult (>1 year). 
4.2.2 Samples from cats  
During the period from January to October 1998, 202 faecal samples were collected 
from cats. Faecal samples (n=25) were obtained from hospitalised cats from two 
veterinary hospitals: Murdoch University (17) and a private veterinary practice in Perth 
(8). Faecal samples from apparently healthy cats were obtained from a cat refuge/shelter 
in Perth (168) and from experimental cats housed in the animal house at Murdoch                                          Chapter IV:  Isolation of intestinal spirochaetes from animals                            
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University (12). Cats sampled in the animal house were healthy and were undergoing 
immuno-contraceptive experiments. 
Information on the age and gender of the cats was collected. If the information was not 
provided, the age was estimated from their physical appearance. Age was then 
categorised as kitten (approximately <6 months), young (0.5 - 1 year) or adult (> 1 
year). 
4.2.3 Samples from birds  
Seventy-two faecal samples (17 chickens, 40 pigeons, 15 ducks) were collected from 
birds at the Perth Royal Show in 1998. Thirty-seven samples (19 ducks, 15 chickens, 2 
budgerigars, 1 cockatoo) were also collected from households, and 18 others from 
samples submitted to the Parasitology Laboratory in the School of Veterinary and 
Biomedical Studies at Murdoch University. 
At the Perth Royal Show, faecal samples were collected from the cage floor of each 
bird. Samples were placed into sterile sample jars and kept chilled on ice during 
transportation. From the households, the faecal samples were collected by the owner 
and submitted for culture on the day of collection. 
Sixty-three faecal samples were collected from ostriches from an ostrich farm at 
Pinjarra (50 km south of Perth), and four other samples tested were submitted to the 
Parasitology Laboratory in the  School of Veterinary and Biomedical Studies at 
Murdoch University. At the time of sampling, the ostrich farm was having problems 
with birds dying. Faecal samples from three ducks that were shot on a water trough on 
the ostrich farm were also sampled. Ten water samples from the ostrich farm were also                                          Chapter IV:  Isolation of intestinal spirochaetes from animals                            
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cultured to look for spirochaetes. These water samples originated from water troughs in 
ten separate paddocks. These samples were prepared and cultured for spirochaetes using 
the method described in Section 2.1. 
4.2.4 Samples from production animals  
During the period from January to October 1998, faecal samples were collected from 
160 cattle, 79 horses, 96 sheep, 14 alpacas, 9 goats and 9 pigs (Table 4.5). The animals 
were apparently healthy, except for 48 horses admitted to the Murdoch University 
Veterinary Hospital for diseases other than gastrointestinal conditions. The remaining 
horse samples were from animals residing on the Veterinary School‟s farm (10), private 
households (12) and a commercial riding-school in Perth (12). Pig, cattle and sheep 
faecal samples were obtained from healthy animals kept on the Veterinary School farm 
at Murdoch University. Faecal samples from alpacas originating from several farms 
around Perth were collected during the Perth Royal Show. 
Data on the age and gender of the animals sampled was recorded if it was available. The 
faecal consistency of the animals was normal for each species (no diarrhoea or evidence 
of gastrointestinal disease). The faecal samples were placed into sterile sample pots, 
chilled and then cultured within 24 hours of collection. The culture methods and other 
microbiological methods were as described in Chapter 2. 
4.2.5 Samples from Australian wildlife  
Faecal samples from Australian wildlife were obtained from the Parasitology 
Laboratory and Wildlife Medicine section of the School of Veterinary and Biomedical 
Studies at Murdoch University as part of a study by Dr Kristin Warren into possible                                          Chapter IV:  Isolation of intestinal spirochaetes from animals                            
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infection with Chlamydia and Cryptosporidium in bilbies (Macrotis lagotis) and 
Western Barred bandicoots (Perameles bougainville) (Warren et al., 2003, Warren et 
al., 2005). The marsupials originated from wildlife parks, a reptile park, wildlife 
rehabilitation centres, a captive bilby breeding colony and the zoological gardens 
located in Perth. 
The 28 bilbies were originally from the Dryandra (n=18), Pilbara (n=1) or Kanyana 
Wildlife Rehabilitation Centres (n=9). Dryandra, approximately 160 km south east of 
Perth, is a designated predator proof captive breeding colony which is part of a recovery 
programme to reintroduce wildlife to their native habitat. This programme is run by the 
Department of Environment and Conservation (DEC) – (formerly Department of 
Conservation and Land Management CALM) of Western Australia and is involved in 
the reintroduction of endangered marsupials including the bilby (M. lagotis), marl 
(Western Barred bandicoot - Perameles bougainville), boodie (Burrowing bettong- 
Bettongia lesueur), mala (Rufous Hare-wallaby- Lagorchestes hirsutus) and mernine 
(Banded Hare-wallaby- Lagostrophus fasciatus) (CALM, 2006a). The Pilbara, 
approximately 1,300 km north of Perth, is one of the places where bilbies exist naturally 
in Australia (CALM, 2006b). Kanyana Wildlife Rehabilitation Centre Incorporation, 
located in Kanyana approximately 20 km east of Perth, is a non-profit organisation 
established for rehabilitation of native Australian animals. It is involved in looking after 
stressed or unhealthy wildlife species. At all three sites, faecal samples were collected 
from live bilbies, while caecal contents were taken from dead bilbies. 
Two Western Barred bandicoot faecal samples were also cultured for intestinal 
spirochaetes. These bandicoots suffered from severe ocular disease, and eye swabs from 
these were positive for Chlamydophila (Warren et al., 2005).                                          Chapter IV:  Isolation of intestinal spirochaetes from animals                            
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4.2.6 Samples from orang-utans and other primates  
In February 1998, 36 faecal samples were collected from healthy orang-utans (Pongo 
pygmaeus). Twenty-five of these originated from the orang-utan rehabilitation centre in 
Kalimantan, Indonesia. Samples from 11 orang-utans, one Cotton Top tamarin 
(Saguinus Oedipus), one Golden Lion tamarin (Leontopithecus rosalia), one siamang 
(Hylobates syndactylus), one White-handed gibbon (Hylobates lar) and one Ring-tailed 
lemur (Lemur catta) were also collected from the Perth zoological gardens. These 
orang-utans were re-sampled monthly for three months. 
In April 1999, approximately one year after the previous sampling, one of the orang-
utan (Puspa) sampled at the zoo suffered from chronic diarrhoea. Faecal samples were 
obtained from this animal, as well as from a siamang, which also had chronic diarrhoea. 
4.3 RESULTS 
4.3.1 Prevalence of intestinal spirochaetes in dogs 
Intestinal spirochaetes were isolated from 20 of 319 (6.3%, CI 3.6, 8.9) dogs. Only one 
was identified as B. pilosicoli by PCR (0.3%, CI 0.0, 0.9). The other 19 isolates were 
weakly to strongly-ß haemolytic on TSA blood plates. They were negative in PCRs for 
B. pilosicoli, B. intermedia and B. hyodysenteriae. The prevalence in the different 
groups of dogs is displayed in Table 4.1. 
Dogs from breeders were five times (CI 1.5, 17.15) more likely to be positive for 
intestinal spirochaetes than dogs from other places (
2=11.0; df=1, 4; P=0.03). There 
was no significant difference in the prevalence of B. pilosicoli for the different sites                                          Chapter IV:  Isolation of intestinal spirochaetes from animals                            
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(
2=2.63; df=1, 4; P=0.6). No spirochaetes were cultured from 26 dogs (10 kennels, 10 
breeders, 6 households) that were sampled twice at intervals of eight to 14 days.  
Table 4.1 The origin of dogs cultured for intestinal spirochaetes. 
Sources  Number 
sampled 
% positive with 
intestinal spirochaetes 
(95% CI)* 
% positive with 
Brachyspira pilosicoli 
(95% CI) 
Veterinary 
hospitals  88  4.6 (0.2, 8.9)  1.1 (0.0, 3.4) 
Dog kennels  86  9.3 (3.2, 15.4)  0 
Households  77  2.6 (0.0, 6.2)  0 
Dog refuge  49  4.1 (0.0, 9.6)  0 
Breeders  19  21.1 (2.7, 39.4)  0 
Total  319  6.3 (3.6, 8.9)  0.3 (0.0, 0.9) 
* including B. pilosicoli  
 
Of the 241 dogs whose exact age was known, the mean age of the intestinal spirochaete 
positive dogs (2.43 years) was significantly lower than the mean age of negative dogs 
(4.63 years - f=4.3; df=1, 240; P=0.04). Puppies that were up to one year old were 3.7 
times (CI 1.1, 12.3) more likely to be positive for intestinal spirochaetes than were older 
dogs (
2=5.2; df=1, 3; P=0.02). 
The sampled dogs included 65 entire-females (20.4%), 63 spayed females (19.7%), 78 
entire-males (24.5%) and 113 castrated males (35.4%). There was no significant 
difference between the genders for intestinal spirochaetes and positivity to B. pilosicoli 
(P=0.17). 
Faecal samples were obtained from 272 (85.3%) dogs and rectal swabs from 47 (14.7%) 
dogs. From the faecal samples obtained, 200 samples (73.5%) were classified as of 
normal consistency, 60 (22.1%) were pasty and only 12 (4.4%) were classified as                                          Chapter IV:  Isolation of intestinal spirochaetes from animals                            
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watery. There was no significant difference in the presence of intestinal spirochaetes in 
faeces of different consistency (
2=2.2; df=1, 2; P=0.3). However, watery faeces had a 
significantly higher prevalence of B. pilosicoli (8.3%) than did non-watery (normal + 
pasty) faeces (0.0%) (Fisher‟s exact test P=0.04). 
The B. pilosicoli positive sample was collected from a one-year-old castrated male dog 
suffering from severe bloody diarrhoea for which it had been presented to a veterinary 
hospital. The faeces of this dog were watery on collection. 
4.3.2 Prevalence of intestinal spirochaetes in cats 
Unidentified strains of intestinal spirochaetes were cultured from three of 202 (1.5%, CI 
0.0, 3.2) faecal samples from cats. These isolates were weakly β-haemolytic on blood 
agar, did not produce indole and produced negative reactions to the B. pilosicoli,           
B. hyodysenteriae and B. intermedia PCRs.  
All three positive samples came from cats originating from the cat refuge. The cats from 
the animal house (12) were grouped together with the cats from the refuge (168), and 
were considered to be healthy cats (180) (Table 4.2). 
Table 4.2 The origin of cats cultured for intestinal spirochaetes. 
Sources of cats  Number 
sampled  No. positive  % positive (95% CI) 
Hospitalised  25  0  0 
Non-hospitalised 
(healthy)  180  3  1.7 (0.0, 3.5) 
Total  205  3  1.5 (0.0,3.2) 
                                          Chapter IV:  Isolation of intestinal spirochaetes from animals                            
                         
                                                                                                                                                                                                  182 
There was no significant difference between the prevalence of intestinal spirochaetes in 
healthy (1.7%) and hospitalised (0.0%) cats (Fisher‟s exact test P=1.0). 
The positive cats were a one year old entire-female cat with normal faecal consistency 
and two spayed females, aged 1 and 3 years, respectively, both with a wet-clay faecal 
consistency. None of these cats showed any other obvious clinical signs. There was no 
significant difference in the prevalence of carriage of intestinal spirochaetes in the 
different age, gender or faecal consistency groups (all P>0.05). 
4.3.3 Prevalence of intestinal spirochaetes in birds 
A total of 193 birds were sampled. Intestinal spirochaetes were detected in 15 (40.5%) 
ducks, five (14.3%) chickens and 10 ostriches (14.9%). The type and number of each 
bird sampled and the prevalence is summarised in Table 4.3. 
Overall, intestinal spirochaetes were cultured from 15 of 37 ducks (40.5%, CI 24.7, 
56.4). These positives originated from the Royal Show (6), the ostrich farm (3) and 
private households (6). Only one of these (from a duck) was identified as B. pilosicoli 
(2.7%, CI 0, 7.9). This duck was one of the three ducks shot on the ostrich farm. 
Five of 35 (14.3%, CI 2.7, 25.9) chickens sampled were positive for intestinal 
spirochaetes. All of these isolates produced a weakly β-haemolytic zone on TSA agar 
plates and were negative in the B. pilosicoli, B. hyodysenteriae and B. intermedia PCRs.  
Of the 63 farmed ostriches: 13 were mature (>18 months), 40 were yearlings (>6-18 
months, including 5 dead) and 10 were juveniles (13 weeks-6 months) (Table 4.4).                                           Chapter IV:  Isolation of intestinal spirochaetes from animals                            
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Table 4.3 The origin of the birds cultured for intestinal spirochaetes* 
Birds  House 
holds  Farms  Royal 
Show  Parasitology  Total 
Total 
number 
of 
positive 
% 
positive 
(95%CI) 
Duck (mixed 
species)  19 (6)  3 (3
+)  15 (6)  0  37  15 
40.5 
(24.7, 
56.4) 
Chicken (Gallus 
gallus 
domesticus) 
15 (5)  0  17  3  35  5 
14.3 
(2.7, 
25.9) 
Ostrich (Struthio 
camelus)  0  63 (10)  0  4  67  10 
14.9 
(6.4, 
23.5) 
Pigeon 
(Ocyphaps 
iophotes) 
0  0  40  0  40  0  0 
Emu (Dromaius 
novaehollandiae)  0  0  0  2  2  0  0 
Rainbow lorikeet 
(Tricholglossus 
haematodus) 
0  0  0  8  8  0  0 
Budgerigar 
(Melopsittacus 
undulatus) 
2  0  0  0  2  0  0 
Galah (Cacatua 
roseicaphilla)  1  0  0  0  1  0  0 
Peacock (Pavo 
muticus)  0  0  0  1  1  0  0 
Total  37  66  72  18  193  30 
15.5 
(10.4, 
20.7) 
* numbers within brackets are the positive animals 
 
+ 3 ducks were shot at the ostrich farm, one positive for B. pilosicoli.                                         Chapter IV:  Isolation of intestinal spirochaetes from animals                            
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Table 4.4 Distribution by age group and number of farmed ostriches positive for 
intestinal spirochaetes 
Age Group 
 
No. 
sick* 
No. 
sick & 
positive 
No. 
healthy 
No. 
healthy 
& 
positive 
Total 
No. 
positive 
Total 
animal 
sampled 
% positive 
(95%CI) 
Mature (>18 
months)  0  0  13  0  0  13  0 
Yearling (>6-
18 months)  20  6  20  1  7  40  17.5 (5.7, 29.3) 
Juvenile (13 
weeks-6 
months) 
5  0  5  3  3  10  30.0 (1.6, 58.4) 
* including 5 dead yearling ostriches, grouped as sick birds  
 
No spirochaetes were detected in any of the 13 adult birds sampled. Spirochaetes were 
detected in seven (17.5%) yearlings (from 3 dead, 3 sick and 1 healthy bird) and 3 
(30%) juveniles (all healthy). There was no significant difference in the prevalence for 
the different age groups (
2=4.0; df=1, 2; P=0.13). Similarly, the prevalence in sick 
birds (24%) was comparable to that found in healthy birds (16%) (
2=2.1; df=1, 1; 
P=0.2). 
The colonies were weakly-β haemolytic and grew well after 4 days incubation, but 
failed to grow in Kunkle‟s broth. The spirochaetes were approximately 10 µm long with 
approximately 13 flagella at each end (Figures 4.1 and 4.2). None of these spirochaetes 
were positive using the PCRs for B. pilosicoli, B. intermedia or B. hyodysenteriae. 
Of the 10 samples collected from water troughs, four were positive for spirochaete-like 
bacteria. Three of these grew on TSA plates, but they were negative in PCRs for          
B. pilosicoli, B. intermedia and B. hyodysenteriae.                                          Chapter IV:  Isolation of intestinal spirochaetes from animals                            
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Figure 4.1 Transmission electron micrograph of a spirochaete observed in the 
faecal sample of one of the ostriches. One cell end is pointed. Bar: 2 µm. 
 
 
 
Figure  4.2  Approximately  13  flagella  arising  from  each  end  and  wrapping 
around the body of the spirochaete shown in Figure 4.1. Bar: 0.5 µm.                                          Chapter IV:  Isolation of intestinal spirochaetes from animals                            
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4.3.4 Prevalence of intestinal spirochaetes in production animals 
No intestinal spirochaetes were cultured from any of the production animals sampled 
(Table 4.5). Spirochaete-like-bacteria were observed in one sample of sheep faeces, 
however they did not grow on culture. These bacteria were short, thick, and not as 
flexible as Brachyspira. Cell pick of the primary plate resulted in a negative reaction 
with a PCR for B. pilosicoli. 
Table 4.5 Type and origin of production animals cultured for intestinal 
spirochaetes.  
Animal  Number 
sampled  Origin 
Cattle  160  100 from commercial dairy farms, 60 from the Veterinary 
farm, Murdoch University 
Horses  82  58 Murdoch University, 12 private households, 12 riding 
school 
Sheep  96  40 Veterinary farm Murdoch University, 56 Perth Royal 
Show 
Alpacas  14  Perth Royal Show 
Pigs  9  Animal House, Murdoch University 
Goats  9  Perth Royal Show 
4.3.5 Prevalence of intestinal spirochaetes in Australian wildlife 
Two hundred and seventy one native animals were sampled and cultured for 
Brachyspira (Table 4.6), and 16 samples were positive for intestinal spirochaetes. 
Spirochaetes were detected in 13 bilbies (46.4%, CI 28.0, 64.9). These consisted of nine 
bilbies (32.1%, CI 14.8, 49.4) infected with uncharacterised intestinal spirochaetes and 
four (14.3%, CI 1.3, 27.3) with B. pilosicoli (Table 4.7). The two Western Barred 
bandicoots were both positive for spirochaete-like-bacteria. Spirochaete-like-bacteria                                          Chapter IV:  Isolation of intestinal spirochaetes from animals                            
                         
                                                                                                                                                                                                  187 
were also observed on microscopy from one of 82 (1.2%) faecal samples from 
kangaroos and wallabies. These latter three spirochaetes gave a negative reaction to the 
PCR for B. pilosicoli. The uncharacterised intestinal spirochaetes all showed weak β-
haemolytic activity on TSA plates.  
The bilbies from Dryandra consisted of 14 live animals (considered as healthy), three 
dead and one sick animal, those from Kanyana Wildlife Centre were nine healthy 
animals and the one bilby from the Pilbara was sick (Table 4.6). The four B. pilosicoli 
positive bilbies all originated from Dryandra (3 healthy, 1 dead). 
There was a significant difference in the prevalence of intestinal spirochaetes in bilbies 
between the different places (
2=13.5; df=1, 2; P=0.001), with Dryandra being the only 
location where spirochaetes were found. On the other hand, there was no difference 
between sampling locations for B. pilosicoli (
2=2.6; df=1, 2; P=0.3). 
There was no significant difference in the prevalence of infection with intestinal 
spirochaetes between healthy (39.1%, 95% CI 19.2, 59.1) and sick (including dead) 
(80.0%, 95% CI 44.9, 100.0) bilbies (Fisher‟s exact test P=0.2) or for B. pilosicoli 
(healthy 13.0% and sick and dead 20.0%, Fisher‟s exact test P=0.6).  
All bilbies had faeces that were of a dry consistency.        
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Table 4.6 Number of marsupials and other wild animals examined for intestinal spirochaetes.  
Common name (Species)  Number 
sampled 
Faecal Consistency  No 
positive 
% positive 
(95% CI)  Dry  Soft  Watery 
Kangaroo and wallaby (Macropus sp)  82*  80  1  1  1  1.2 (0.0, 3.6) 
Chuditch (Dasyurus geoffroii)  69  66  2  1  0  0 
Bilby (Macrotis lagotis)  28  24  4  0  13  46.4 (28.0, 64.9) 
Koala (Phascolarctos cinereus)  11  11  0  0  0  0 
Wombat (Vombatus ursinus)  14  14  0  0  0  0 
Brushtail possum (Trichosurus vulpecula)  7  7  0  0  0  0 
Quokka (Setonix brachyurus)  6  6  0  0  0  0 
Burrowing bettong (Bettongia lesueur)  5  5  0  0  0  0 
Western Barred bandicoot (Perameles 
bougainville)  2  0  0  2  2  100.0 (100.0, 
100.0) 
Mala (Lagorchestes hirsutus)  1  1  0  0  0  0 
Southern Brown Bandicoot/Quenda (Isoodon 
obesulus)  1  1  0  0  0  0 
Snake (mixed species)  30  30  0  0  0  0 
Dingo (Canis familiaris dingo)  4  2  2  0  0  0 
Fox (Vulpes vulpes)  2  2  0  0  0  0 
Tasmanian Devil (Sacophilus harrisii)  1  1  0  0  0  0 
Echidna (Tachyglossus aculeatus)  1  0  1  0  0  0 
Spotted cuscus (Phalanger maculatus)  1  1  0  0  0  0 
Rabbit (Oryctolagus cuniculus)  1  1  0  0  0  0 
Great Desert skink (Egernia kintorei)  1  1  0  0  0  0 
Common mouse (Mus musculus)  4  4  0  0  0  0 
Total  271  257  10  4  16  5.90 (3.1, 8.7) 
*consisted of 62 adults and 20 joeys (young kangaroo)                                          Chapter IV:  Isolation of intestinal spirochaetes from animals                                                               
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Table 4.7 The origin of bilbies positive for intestinal spirochaetes and Brachyspira 
pilosicoli. 
Origin and condition 
Total 
number of 
bilbies 
sampled 
% +ve intestinal 
spirochaetes (95% CI) 
% +ve Brachyspira 
pilosicoli (95% CI) 
Dryandra healthy  14  64.3 (39.2, 89.4)  21.4 (0.0, 42.9) 
Dryandra dead/sick  4  100 (100, 100)  25 (0.0, 67.4) 
Kanyana healthy  9  0  0 
Pilbara sick  1  0  0 
Total  28  46.4 (28.0, 64.9)  14.3 (1.3, 27.3) 
4.3.6 Prevalence of intestinal spirochaetes in non-human primates 
The type and number of non-human primates sampled in this study are shown in Table 
4.8. 
Intestinal spirochaetes were observed in two (5.6%, 95% CI 0.0, 13.0) orang-utans and 
in the sole siamang sampled. The spirochaetes gave a negative PCR reaction to             
B. pilosicoli. One of the positive orang-utans was from Borneo and the other one was 
from the Perth zoo. There was no significant difference in the prevalence between these 
two sites (Fisher‟s exact test P=1.0). 
There were 17 (47.2%) female and 19 (52.8%) male orang-utans sampled. There was no 
significant difference between the gender and being positive for spirochaetes (Fisher‟s 
exact test P=0.2). 
The positive orang-utan from Indonesia was a healthy female of approximately 3-4 
years old. The ages of the other orang-utans were not available. The positive orang-utan 
from the Perth zoo was an adult female, and suffered from chronic diarrhoea. After the 
spirochaetes were detected this orang-utan was treated with metronidazole.    
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Table 4.8 Number of non-human primates that were cultured for intestinal spirochaetes. 
Common name (Species)  No 
sampled 
Number with 
No +ve for 
intestinal 
spirochaetes 
% +ve (95% CI) 
Dry faeces  Moist 
faeces 
Watery 
faeces 
Orang-utan (Pongo pygmaeus)  36  30  4  2  2  5.6 (0.0, 13.0) 
Siamang (Hylobates syndactylus)  1  0  1  0  1  100 (100.0, 100.0) 
Cotton Top tamarin (Saguinus oedipus)  1  1  0  0  0  0 
Golden lion tamarin (Leontopithecus 
rosalia)  1  0  0  1  0  0 
White handed gibbon (Hylobates lar)  1  0  1  0  0  0 
Ring Tailed lemur (Lemur catta)  1  0  1  0  0  0                                           Chapter IV: Isolation of intestinal spirochaetes from animals                            
                                  
                                                                                                                                       191                                                                                                                                                                                                                                
Subsequently, the diarrhoea stopped and the culture of this orang-utan was negative 
eight days after treatment. 
The faecal consistency of the spirochaete-positive orang-utan from Indonesia was moist 
whilst that from the positive animal at the Perth zoo was watery. The prevalence in 
orang-utans with watery faeces (100%) was significantly higher than in orang-utans 
with normal or moist faeces (0%) (Fisher‟s exact test P=0.00). 
Intestinal spirochaetes that were not B. pilosicoli were observed in the faeces of the 
siamang. The spirochaetes observed were approximately 12 µm long with pointed ends 
and had 13 flagella on both ends (Figures 4.3 and 4.4). This animal had chronic 
diarrhoea at the time of sampling. No spirochaetes were observed or cultured in any of 
the other non-human primates sampled. 
 
 
 
 
 
 
Figure 4.3 Scanning electron micrograph of a spirochaete observed in the faeces 
of a siamang (Hylobates syndactylus) that suffered from chronic diarrhoea. 
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Figure 4.4 Scanning electron micrograph of the same spirochaete as shown in  
Figure 4.3, showing the periplasmic flagella. 
 
4.4 DISCUSSION 
This study detected intestinal spirochaetes in the faeces of dogs, cats, ostriches, ducks, 
chickens, bilbies, bandicoots, orang-utans, a kangaroo and a siamang.  
The prevalence in dogs in this study (6.3% intestinal spirochaetes and 0.3% B. 
pilosicoli) was lower than in previous studies: 18.7% (38/76) uncharacterised 
spirochaetes and 1.3% B. pilosicoli in an Aboriginal community (Lee and Hampson, 
1992); 24.1% (13/54) spirochaetes from dogs from a refuge centre and 4% (7/38)                                           Chapter IV: Isolation of intestinal spirochaetes from animals                            
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spirochaetes from dogs attending a veterinary hospital (Lee and Hampson, 1996); 
40.8% spirochaetes and 4.1% B. pilosicoli in puppies from pet shops in Perth (Oxberry 
and Hampson, 2003a). 
The reason for the low percentage of positives from dogs in this study was not clear. It 
is possible that for the hospitalised dogs (88) the medications they were receiving 
influenced the growth of spirochaetes. Unfortunately, information on medications 
received by individual dogs was not obtained in this study. 
The isolation of uncharacterised intestinal spirochaetes in dogs has been reported 
elsewhere. Certain uncharacterised spirochaetes that are commonly found in dogs and 
are considered to be commensal organisms have been provisionally classified as “B. 
canis” (Duhamel et al., 1998, Fellström et al., 2001). 
There was a significantly higher prevalence of intestinal spirochaetes in dogs 
originating from breeders (21.1%- 4/19) compared with other places of origin (5.3%-
15/285). This is probably due to the transmission of spirochaetes between dogs due to 
close contact for longer periods in breeder establishments compared with other places 
such as hospitals, kennels, households and dog refuges. Possible transmission of 
intestinal spirochaetes amongst puppies has been reported by Oxberry and Hampson 
(2003a) , who isolated “B. canis” with identical MLEE profiles from two puppies from 
the same litter.  
Younger dogs (up to one year old) were approximately 4 times more commonly 
infected with intestinal spirochaetes than were older dogs (>1 year). This is probably a 
result of more active interaction and contact amongst younger dogs, resulting in a 
higher probability of transmission of spirochaetes. This argument has also been                                           Chapter IV: Isolation of intestinal spirochaetes from animals                            
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proposed to account for the higher prevalence of B. pilosicoli amongst children when 
compared with adults (Trott et al., 1997a). 
No significant difference was found in the faecal consistency of dogs infected or not 
infected with intestinal spirochaetes. This is probably due to the presence of non-
pathogenic strains of intestinal spirochaetes in dogs. 
Brachyspira pilosicoli was isolated from the faeces of only one puppy, and this was 
suffering from watery diarrhoea containing fresh blood. The presence of B. pilosicoli in 
dogs has previously been reported to be associated with diarrhoea (Lee and Hampson, 
1992, Lee, 1994, Duhamel et al., 1996, Lee and Hampson, 1996, Fellström et al., 2001, 
Oxberry and Hampson, 2003a). This animal could have posed a risk of infection to its 
owners or others who handled it. Where it acquired the infection remains uncertain. 
In the present study intestinal spirochaetes were detected in three of 202 (1.5%) 
apparently healthy cats. These uncharacterised strains of intestinal spirochaetes were 
probably commensal bacteria and non-pathogenic for cats. To date few studies on 
intestinal spirochaetes have been undertaken in cats, so interpretation of these results is 
difficult. The prevalence of infection was not influenced by age, gender, or faecal 
consistency. 
Overall, intestinal spirochaetes, including the B. pilosicoli isolated from the duck on the 
ostrich farm, were cultured from 40.5% (15/37) of ducks and 14.3% (5/35) of chickens 
sampled. Six ducks and two chickens from the backyard flocks of two separate 
households were positive for intestinal spirochaetes. All of the chicken isolates 
produced a weakly ß-haemolytic zone on blood agar plates and were negative in the      
B. pilosicoli, B. hyodysenteriae and B. intermedia PCRs. This finding is supported by 
previous studies that have demonstrated that intestinal spirochaetes are common in                                           Chapter IV: Isolation of intestinal spirochaetes from animals                            
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ducks and chickens (McLaren et al., 1996, Hampson and Oxberry, 1997, Oxberry et al., 
1998, Stephens and Hampson, 1999). According to Jansson et al. (2001), in recent years 
spirochaetes have been isolated more commonly from backyard chickens than from 
commercial flocks, and the current results are consistent with this suggestion. 
Intestinal spirochaetes were cultured from 14.9% (10/67) of ostriches sampled. They 
originated from healthy (3), sick (3) and dead (4) birds. At the time of sampling, this 
farm had a problem with deaths in yearling (>6-18 months) and juvenile (13 weeks-6 
months) ostriches, with a mortality rate up to 25%. According to the farm manager, the 
problem was endemic and usually occurred twice a year, in September-October and 
March. Post-mortem examination of the three dead birds by Prof. Ralph Swan 
(Clinician, School of Veterinary and Biomedical Studies Murdoch University) showed 
haemorrhagic ulcers and necrotic enteritis in the small intestines, colon and caeca, 
which were most likely caused by Clostridium spp. (Prof R. Swan, personal 
communication). Clostridium spp. cause an acute and severe infection with high 
mortality rates in young and mature ostriches (Elkin and Perelman, 2006). 
There was no significant difference in the prevalence of spirochaetes in sick and healthy 
birds, and in the different age groups. However, it has to be considered that this analysis 
was based on the presence of all spirochaetes, and it is possible that individual species 
or strains of spirochaetes could be pathogenic. 
Young ostriches are very susceptible to cold, stress and diseases (Tuckwell, 1997). 
Birds under stress may have infections with opportunistic bacterial pathogens, which 
may lead to death (Verwoerd, 2000). In this study, the strain of the intestinal 
spirochaetes or their role in disease could not be confirmed. However, it is possible that 
spirochaetes are commensal or opportunistic bacteria, which become pathogenic when                                           Chapter IV: Isolation of intestinal spirochaetes from animals                            
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the animals were stressed from changing seasons, or from other factors affecting their 
immune system. 
Wild ducks are potential vectors for the carriage of intestinal spirochaetes and can 
contaminate water sources (Oxberry et al., 1998). This evidence is supported by the 
finding of spirochaetes in the caeca of three ducks that were shot on the ostrich farm. 
Furthermore, one of these ducks was positive for B. pilosicoli. Excreta from these ducks 
may have contaminated the ostrich drinking water. Spirochaete-shaped bacteria were 
cultured from 40% (4/10) of the water samples collected from the drinking troughs used 
by the ostriches, and most of these probably came from ducks. 
In the USA, uncharacterised spirochaetes have been isolated from ostriches (Sagartz et 
al., 1992, Stoutenburg and Swayne, 1992). The source of the spirochaetes was not clear, 
however the ostriches had contact with other birds and with rats. These rats were found 
to carry spirochaete-like-bacteria (Stoutenburg et al., 1995). 
No spirochaetes were cultured from any of the production animals sampled (cattle, 
horses, sheep, alpacas, goats). Spirochaete-shaped bacteria were observed in only one 
sheep. However, these bacteria were short, thick, and not as flexible as Brachyspira. 
Ruminant spirochaetes, such as Treponema bryantii, have been reported as being non-
pathogenic (Stanton and Canale-Parola, 1980). 
Pigs are commonly colonised by intestinal spirochaetes, including pathogenic              
B. hyodysenteriae (Windsor and Simmons, 1981, Egan et al., 1982, Cutler and Gardner, 
1988, Lysons, 1992, Mhoma et al., 1992, Hampson et al., 1994, Moller et al., 1998) and 
B. pilosicoli (Hampson, 1991, Duhamel et al., 1995a, Fellström et al., 1996b, Moller et 
al., Arriba et al., 2002, Choi et al., 2002). However, no spirochaetes were isolated from 
any of the nine pigs sampled. The failure to detect spirochaetes was probably a result of                                           Chapter IV: Isolation of intestinal spirochaetes from animals                            
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only sampling a relatively small number of pigs. Furthermore, these pigs were housed at 
the animal house of the School of Veterinary and Biomedical Studies at Murdoch 
University and were kept under good sanitary conditions and were not in contact with 
other potential carriers/vectors of intestinal spirochaetes. 
In the present study intestinal spirochaetes were cultured from 46.4% (13/28) of bilbies 
and 14.3% (4/28) of the bilbies were found to be infected with B. pilosicoli. The 
infected bilbies included nine healthy, three dead and one sick animal and all originated 
from Dryandra. Intestinal spirochaetes in bilbies may be commensal and may not be 
causing disease, as there was no significant difference in the prevalence of intestinal 
spirochaetes or B. pilosicoli in healthy (39.1%) or sick (including dead) (80.0%) bilbies. 
Spirochaetes may have originated from other animals which may have contaminated the 
ground, water or feed of the bilbies. Other animals that may act as reservoirs or sources 
of contamination can include waterbirds, mice and rats. This is supported by the 
detection of B. pilosicoli in 19% (8/43) of faeces collected from waterbirds around a 
small lake at the Perth zoo and from 43% (3/7) of samples of the lake water (Oxberry et 
al., 1998). Brachyspira pilosicoli has also been isolated from 0.5% (1/204) of samples 
from captive birds from the same zoo. Oxberry et al. (1998) suggested that spirochaetes 
in the lake water probably originated from the faeces of infected birds. In turn, mice 
could become infected from the droppings of waterbirds in that area. It was not clear 
what role the spirochaetes in the bilbies had. However, B. pilosicoli is pathogenic to 
humans, dogs, pigs and chickens, and it is likely that they can similarly cause disease in 
bilbies (Hampson, 1991a, Koopman et al., 1993, Duhamel et al., 1995b, Trott et al., 
1995, McLaren et al., 1996, Trott et al., 1996b, Trott et al., 1996d, Trott et al., 1997b).                                           Chapter IV: Isolation of intestinal spirochaetes from animals                            
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The prevalence of infected spirochaetes in Dryandra was significantly higher than in 
Kanyana and Pilbara. This is probably a result of the presence of vectors or carriers of 
intestinal spirochaetes in Dryandra, but not in the other two sites. The spirochaetes in 
bilbies may then have been transmitted between the bilbies. The ability of non-
pathogenic “B. canis” to spread between animals has similarly been reported in puppies 
from the same litter (Oxberry and Hampson, 2003a). 
Mice and rats have been reported as possible vectors/carriers for transmitting other 
diseases to bilbies. Warren et al. (2003) reported a prevalence of 39.2% for 
Cryptosporidium muris in bilbies from Kanyana Wildlife Centre. One of six mice that 
were trapped at the same site was also positive for C. muris. Mice were proposed to be 
the carrier for introducing C. muris to the bilbies from contaminated food sources. The 
stress associated with the high density of bilbies within an enclosure may be one factor 
predisposing to infection with Cryptosporidium. Interestingly, these bilbies were 
negative for C. muris on a screening one year prior to the reported sampling.  
Spirochaetes were also observed from the faeces of two Western Barred bandicoots 
(100%) and one (1.2%) kangaroo. The presence of intestinal spirochaetes in bandicoots, 
bilbies, bandicoots, and kangaroos has not been previously reported. These spirochaetes 
could be commensal bacteria or could be introduced and transmitted from wild water 
birds or rodents (Joens and Kinyon, 1982, Hampson et al., 1991, Sagartz et al., 1992, 
Stoutenburg et al., 1995, Oxberry et al., 1998). 
The current study found that two orang-utans and one siamang were positive for 
intestinal spirochaetes. One of the positive orang-utans was healthy (from Borneo, 
Indonesia) and the other had diarrhoea (from Perth Zoological Garden). Both of these 
orang-utans were females. However, there was no significant difference in the                                           Chapter IV: Isolation of intestinal spirochaetes from animals                            
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prevalence between the different locations or genders. The siamang that was positive 
(from Perth Zoological Gardens) also had diarrhoea. No spirochaetes were detected 
from faecal samples collected from this animal after it had been treated with 
metronidazole. This treatment also coincided with the diarrhoea stopping. 
Unfortunately, a faecal sample from the siamang was not collected after the antibiotic 
treatment. 
The spirochaetes detected in primates with diarrhoea could be pathogenic strains other 
than B. pilosicoli, and the spirochaetes from the orang-utan without diarrhoea could be 
non-pathogenic strains. Alternatively, all may be opportunistic pathogens and cause 
disease when the animals are stressed. For example, it has previously been reported that 
B. aalborgi were detected in faecal samples of two vervet monkeys (Cercopithecus 
aethiops), two Tonkean macaques, one Japanese macaque, and one Hamadryas baboon 
from the Perth Zoological Gardens (Munshi et al., 2003b). Furthermore, B. pilosicoli 
and B. aalborgi were detected in colonic tissue from rhesus monkeys (Macaca mulatta) 
and from crab-eating monkeys (M. fascicularis) with diarrhoea and colitis (Duhamel, 
1997). Unfortunately, in the current study the spirochaetes could not be cultured and 
were not tested with a PCR for B. aalborgi, although they were test negative with the B. 
pilosicoli PCR. 
The presence of commensal or non-pathogenic spirochaetes has also been reported in 
other non-human primates. In the UK, spirochaetes have been detected from the caecum 
of 96.5% (57 of 59) of baboons (Papio cynocephalus and P. anubis) sampled. None of 
these baboons displayed clinical signs of illness, although 10 had soft faeces or 
diarrhoea, but recovered spontaneously. Similarly, Takeuchi et al. (1974) reported 
spirochaetes in 28% of apparently healthy rhesus monkeys (M. mulatta).                                           Chapter IV: Isolation of intestinal spirochaetes from animals                            
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In conclusion, relatively few animals were culture positive for intestinal spirochaetes, 
and even fewer were positive for B. pilosicoli. Some strains of intestinal spirochaetes 
probably occur naturally in the gastrointestinal system of native animals and the role of 
spirochaetes as an opportunistic bacterium needs to be taken into consideration in 
evaluating the health of highly endangered animals. 
The overall finding that B. pilosicoli was uncommon in the animals investigated is 
similar to the findings in humans in Perth. From this, it might be concluded that animals 
are not a common source of human infection. It was unfortunate that it was not possible 
to investigate carriage rates in animals in Bali, where human infection with B. pilosicoli 
was common. If carriage of B. pilosicoli in animals was also common in Bali this would 
help to confirm that animals are an infrequent source of transmission of B. pilosicoli to 
humans. This was the view of Trott et al. (1997a) based on their studies of B. pilosicoli 
in humans and animals in villages in PNG.   
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5.1 INTRODUCTION 
Day-old chickens have been used as an animal model to test the pathogenicity of B. 
pilosicoli isolated from various hosts including humans, pigs and dogs (Dwars et al., 
1992b, Swayne, 1994, Trott et al., 1995, Muniappa et al., 1996, Sacco et al., 1997, Trott 
and Hampson, 1998, Jamshidian et al., 2004). Chickens have also been used  to test the 
pathogenicity of B. hyodysenteriae (Joens, 1980, Joens et al., 1981, Suenaga and 
Yamazaki, 1984, Adachi et al., 1985, Sueyoshi and Adachi, 1990), B. innocens (Trott et 
al., 1995), B. intermedia, B. aalborgi and B. murdochii (Trott et al., 1995, Trott and 
Hampson, 1998). The experiments with B. pilosicoli have demonstrated that a syndrome 
can be induced in chickens that closely resembles that seen in natural infections with   
B. pilosicoli, such as wet litter, dirty egg-shells and weight loss (Dwars et al., 1992a, 
Swayne et al., 1995, McLaren et al., 1996, Stephens, 2003). Furthermore, histological 
examination of the caeca has shown the characteristic end-on attachment of B. pilosicoli 
which is regarded as pathognomonic for this spirochaete (Trott et al., 1995, Trott and 
Hampson, 1998). 
Mice also have been used to investigate the pathogenicity of intestinal spirochaetes.  
Colonisation in experimentally challenged mice is enhanced by feeding them with a diet 
supplemented with both zinc bacitracin and lactose (Jamshidian et al., 2004) and refined 
sugar (Nibbelink and Wannemuehler, 1992, Sacco et al., 1997). Colonisation with       
B. pilosicoli in mice however is not associated with an end-on attachment of the 
spirochaete to the epithelial cells of the caecum (Jamshidian et al., 2004).         Chapter V:  Experimental challenge of day-old chickens and mice with B. pilosicoli                            
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The aim of the experiments outlined in this chapter was to investigate the pathogenic 
potential of B. pilosicoli strains H1b and/or H171, both isolated from healthy 
Indonesians living in Perth, in day-old chickens and mice.  
5.2 MATERIALS AND METHODS 
5.2.1 Experimental design 
Chicken experiment 
Twenty-seven specific-pathogen-free (SPF) day-old Hybrid White Leghorn Chickens 
were obtained from the Western Australian Animal Resource Centre (WA ARC). The 
chickens were randomly divided into three groups (A-C) with nine chicks in each 
group. Each group of chickens was housed in a 1m x 0.5 m x 0.5 m sterile transparent 
covered perspex box. Sterile chaff was used for bedding and the drinking water was 
sterilised in an autoclave prior to use. The chickens were fed with sterilised chicken 
starter mash and water was provided ad libitum for the duration of the experiment.  
Chickens in group A were orally inoculated with sterile Kunkle' broth and acted as the 
negative control group. Chickens in group B acted as the positive control group and 
were orally inoculated with B. pilosicoli strain WesB, originally from an Aboriginal boy 
with diarrhoea (Lee and Hampson, 1992, Lee et al., 1993a). This strain had also been 
used by others to infect chickens (Trott et al., 1995, Trott et al., 1996b).  Chickens in 
group C were inoculated with B. pilosicoli H1b, originally isolated from a healthy 
Indonesian male living in Perth (Section 3.3). 
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Mouse experiment 
Forty weaned C3H/Hej female mice that were three weeks old were obtained from the 
Western Australia Animal Resource Centre. The mice were randomly divided into four 
groups (A-D) with 10 mice in each group. Each group was housed in standard 
laboratory mouse cages. They were fed a modified diet that was a defined commercial 
pelleted basal mouse diet (Glen Forrest Stockfeeders) with added lactose (50% w/w) 
and zinc bacitracin (50 p.p.m.), as used in a previous study (Jamshidian et al., 2004). 
The diet and fresh water were available to the mice ad libitum for the duration of the 
experiment. 
Mice in group A were orally inoculated with sterile Kunkle' broth and acted as the 
negative control group. The mice in groups B and C were challenged with the same 
bacteria that had been used to challenge the chickens in groups B and C (B. pilosicoli 
strain WesB and strain H1b respectively). The mice in group D were challenged with B. 
pilosicoli strain H171 (isolated from a 35 year-old Indonesian male visiting Perth – 
Section 3.3). 
5.2.2 Bacterial preparation 
Bacteria used in this experiment were from stock maintained at the Centre for Intestinal 
Spirochaete Research at Murdoch University. Prior to challenge the frozen bacteria 
were revived in Kunkle‟s anaerobic broth at 37
oC and incubated until they reached an 
early logarithmic phase after 48-72 hours, and a density of approximately 10
7-10
8 
cells/ml, as described in Chapter 2. The broth was centrifuged at 1000 RPM for 15 min 
at 4
o C, and then the cell deposit was resuspended in sterile Kunkle‟s broth. The cell        Chapter V:  Experimental challenge of day-old chickens and mice with B. pilosicoli                            
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numbers were counted using a haemocytometer and the cell density was adjusted to 
approximately 10
9 cells/ml with sterile broth. 
5.2.3 Challenge procedure 
The chickens and mice were inoculated orally using a crop/gastric needle (Trott et al., 
1995, Trott et al., 1997a, Jamshidian et al., 2004). The syringe attached to the 
appropriately sized needle was filled with the relevant broth culture (Figure 5.1).  
One ml of broth culture was inserted into the crop of each chicken daily for three 
successive days. The control chickens were treated with the same volume of sterile 
broth.  
The mice were inoculated eight days after arrival. Water was removed one hour prior to 
inoculation and reinstated 30 minutes after challenge. The broth culture (0.3 ml) was 
administered by gastric needle daily for three successive days. The control mice were 
treated with the same volume of sterile broth. 
 
 
Figure 5.1 Crop/gastric needle used in the challenge of day-old chickens and mice. 
The smaller needle was used for the mice. (Courtesy: Nyree Phillips)        Chapter V:  Experimental challenge of day-old chickens and mice with B. pilosicoli                            
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5.2.4 Faecal consistency and collection of cloacal swabs 
Chicken experiment 
The consistency of the faeces was assessed daily during the experiment. Faecal 
consistency was categorized into 4 groups: normal; pasty (wet faeces); mucoid (faeces 
with mucus); and watery (very wet and watery faeces). Cloacal swabs were taken prior 
to challenge and cultured for Salmonella and spirochaetes. Subsequently swabs were 
taken twice a week and cultured for the presence of spirochaetes. The chickens were 
weighed at days 0, 7, 14, and 21 post inoculations (p.i.).  
Mouse experiment 
Individual faecal samples were collected and cultured for the presence of spirochaetes 
every four days starting three days after the last day of challenge. 
5.2.5 Post-mortem examination 
Chicken experiment 
At day 21 p.i. the chickens were anaesthetised with an intramuscular injection of 0.1 mg 
diazepam, followed by a mixture of xylazine 20mg/kg and ketamine 100 mg/kg 10 
minutes later (Trott et al., 1995). They were then exsanguinated by cardiac puncture. 
Blood from the heart was cultured for spirochaetes. The body cavity was opened, the 
intestinal tract removed and opened and any gross pathological changes were observed 
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Mouse experiment 
At day 36 p.i the mice were euthanased by methoxyflurane inhalation followed by 
cervical dislocation, and then subjected to post-mortem examination. The body cavity 
was opened, the intestinal tract removed and opened, and any gross pathological 
changes were observed and recorded. 
5.2.6 Sample preparation for histology  
Chicken experiment 
Samples for histology were obtained from the caecum, heart, liver and spleen. 
Histological samples were collected from the proximal, middle and distal part of the 
caecum, as well as the heart and spleen and were placed in 10% formaldehyde.  
The tissues were then placed in Bouin‟s fixative for 4 hours before being washed three 
times in 50% ethanol and transferred into 70% ethanol, and then embedded in paraffin. 
A thin section (4µm) of the paraffin-embedded material was stained with 
Haematoxylin-Eosin and with Warthin-Starry silver stain.  
Mouse experiment 
Histological samples were taken from the whole caeca of the mice. The samples were 
prepared in a similar manner to those in the chicken experiment.        Chapter V:  Experimental challenge of day-old chickens and mice with B. pilosicoli                            
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5.2.7 Sample preparation for culture  
Chicken experiment 
Half of the caeca, heart and spleen of the chicken were rubbed directly or swabbed onto 
the surface of selective TSA plates for culturing. 
A drop of blood from the heart was cultured on a TSA plate without the addition of 
antibiotics. Approximately one ml of blood was also injected into anaerobic Kunkle‟s 
broth and incubated on a rocking platform at 37
oC for 14 days. The livers were mixed 
with 5 ml of sterile PBS and then centrifuged for 10 min at 1000 RPM. The sediment 
was inoculated onto TSA without antibiotics. 
Mouse experiment 
The luminal surface of the caecal wall and the colon was rubbed with a sterile 
bacteriological swab and cultured on CVS-TSA for spirochaetes. The culture method 
was conducted using the standard techniques described in Chapter 2. 
5.2.8 Identification of spirochaetes 
Identification of spirochaetes was based on morphology under phase contrast or dark 
field microscope. The identity of the spirochaetal isolates was confirmed by PCR 
(described in Chapter 2).         Chapter V:  Experimental challenge of day-old chickens and mice with B. pilosicoli                            
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5.2.9 Statistical analysis 
Data were entered into a spreadsheet (Excel, Microsoft) and analysed with the statistical 
package Statistix (ver 8.0, Analytical Software, Florida). Body weight was compared 
between groups using a one-way analysis of variance (ANOVA), followed by a LSD 
Mean Separation Test.  
5.3 RESULTS 
Chicken experiment  
No Salmonella were cultured from any of the chickens prior to or after the challenge. 
The average weight of the control chickens at day 0 was 41.8 ± 2.7 g and 161.8 ± 25.8 g 
at day 21 p.i.  
There was no significant difference in the body weight of chickens inoculated with       
B. pilosicoli WesB and H1b and the control chickens at the beginning of the study or at 
day 21 p.i. (Table 5.1). Chickens inoculated with strain H1b were significantly heavier 
than the control chickens at day 7 and 14 p.i. However, there was no significant 
difference of the body weight at day 21 p.i.  
Table 5.1 Body weight of the chickens inoculated with Brachyspira pilosicoli.  
Group 
Mean weight (g)  SD at day p.i. 
Weight 
gained (g) 
0 day  7day  14day  21day 
A- Control  41.82.7  71.49.4
a  117.117.0
 c  161.825.8  120.024.6 
B- B. pilosicoli WesB  42.13.3  69.98.0
 a  119.814.8
 c  171.318.8  129.218.7 
C- B. pilosicoli H1b  42.52.8  79.43.9
 b  134.69.8
 d  183.419.9  140.917.0 
*Within a column, superscripts with different letters are significantly different 
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Some pasty faeces, as well as normal formed faeces, were observed on the litter of the 
chickens challenged with WesB and H1b from day 7 but not from any of the control 
chickens (Tables 5.2). Given the group housing, it was difficult to know the exact 
number of chickens per group with pasty faeces.  
The results of culture from the caecal swabs of the chickens at post-mortem are shown 
in Table 5.2. Brachyspira pilosicoli was isolated from cloacal swabs of chickens 
inoculated with WesB and H1b. All chickens challenged with WesB were positive on 
day 4 p.i. At day 7, only five of the WesB-challenged chickens were positive. Chickens 
challenged with H1b became positive at day 14 p.i. Only two of nine chickens 
challenged with WesB and H1b were positive at day 21 p.i. No Brachyspira were 
isolated from any of the control chickens throughout the experiment. No spirochaetes 
were cultured from the blood, heart, liver, or spleen of any of the chickens, including 
the controls and the challenged groups. 
At post-mortem examination, no gross abnormalities were seen in the spleen, liver, 
heart, or caecal serosa of both control and challenged chickens. The caecal mucosa of 
those chickens challenged with WesB and H1b were slightly hyperaemic and the 
contents more liquid and frothier than the controls.  
Histological examination showed no abnormalities in the spleen, liver, heart or caecal 
tissue of the chickens challenged with WesB and H1b, but patchy end-on attachment of 
spirochaetes to the caecal epithelial cells was observed. The typical histological 
appearance of caecal tissue of the control and challenged chickens is shown in Figures 
5.2 – 5.4. 
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Table 5.2 Results of culture of cloacal swabs and faecal consistency of the chickens  
Group 
Day 4  Day 7  Day 11  Day 14  Day 18  Day 21 
Culture 
Positive
a 
Faeces
b  Culture 
Positive  Faeces  Culture 
Positive  Faeces  Culture 
Positive  Faeces  Culture 
Positive  Faeces  Culture 
Positive  Faeces 
A- Control  0/9  N  0/9  N  0/9  N  0/9  N  0/9  N  0/9  N 
B-  B.  pilosicoli 
WesB  9/9  N  5/9  P  5/9  P  7/9  P  7/9  P  7/9  P 
C-  B.  pilosicoli 
H1b  0/9  N  0/9  P  0/9  P  2/9  P  2/9  P  2/9  P 
 
a: Obtained from cloacal swab from day 7 -18 and from caecum at post-mortem on day 21; 
b: Faecal consistency observed on the litter 
floor, N: no pasty faeces observed; P: some faeces with a pasty consistency were observed.       Chapter V:  Experimental challenge of day-old chickens and mice with B. pilosicoli                            
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Figure 5.2  Normal caecal tissue from a control chicken (HE stained 
magnification x400). 
 
 
 
Figure  5.3  Caecal  tissue  from  a  chicken  challenged  with  B.  pilosicoli  WesB.  
Patchy  areas  of  attached  spirochaetes  are  apparent  (Steiner  stained, 
magnification x1000).        Chapter V:  Experimental challenge of day-old chickens and mice with B. pilosicoli                            
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Figure 5.4 Caecal tissue from a chicken challenged with B. pilosicoli H1b. Patchy 
areas of attached spirochaetes are apparent – see arrow (HE stain, magnification 
x400). 
Mouse experiment 
There were no pasty or wet faeces observed on the litter of the control or challenged 
mice from day one to the end of the experiment.   
No B. pilosicoli were cultured from any of the faeces of the control or challenged mice 
except for one mouse from group B (challenged with strain H1b) that had one positive 
sample four days after the last inoculation. 
At post-mortem examination, no gross abnormalities were seen in the caecal mucosa 
and serosa, or colons of both control and challenged mice. The caecal swabs of all 10 
mice in group B and C, and from 9 mice in group D were positive for B. pilosicoli.        Chapter V:  Experimental challenge of day-old chickens and mice with B. pilosicoli                            
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No abnormalities and no spirochaetes were seen in histological sections of the caeca of 
any of the mice. 
5.4 DISCUSSION 
The current study demonstrated that B. pilosicoli strains WesB and H1b successfully 
colonised day-old SPF chickens, whilst WesB, H1b and H171 also colonised mice. 
In chickens, B. pilosicoli induced clinical signs of pasty faeces and the typical end-on 
attachment of B. pilosicoli to the caecal epithelial mucosa, as has been reported 
previously (Adachi et al., 1985, Sueyoshi and Adachi, 1990, Dwars et al., 1992b, 
Swayne et al., 1995, Trott et al., 1995, Muniappa et al., 1996, Trott and Hampson, 
1998). In general, however, there were no major pathological changes in the caeca of 
chickens challenged with either WesB or H1b. Attachment of the spirochaete strains to 
the epithelial mucosa was patchy, and there was no significant loss of body weight in 
these chickens when compared to the control chickens. It has been suggested that 
disturbances to the secretion and absorption mechanisms leads to diarrhoea and other 
gastrointestinal symptoms, and is caused by the presence of large numbers of B. 
pilosicoli cells attached to the epithelial cells (Rodgers et al., 1986, Spitz et al., 1994, 
Trott et al., 1995). This was not observed in the current study. 
In this study, the number of spirochaetes observed on the caecal epithelial mucosa of 
chickens was very low compared to the massive numbers reported in previous 
experiments in chickens (Dwars et al., 1992b, Trott et al., 1995, Trott and Hampson, 
1998) or in naturally infected humans (Minio et al., 1973, Takeuchi et al., 1974, Gad et 
al., 1977, Linboe et al., 1993, Lo et al., 1994, Padmanabhan et al., 1996) or pigs (Taylor 
et al., 1980). The mild clinical signs and patchy colonisation induced by strain H1b may        Chapter V:  Experimental challenge of day-old chickens and mice with B. pilosicoli                            
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have been due to this strain having a reduced pathogenic potential. Although B. 
pilosicoli WesB was originally cultured from a boy with diarrhoea (Lee and Hampson, 
1992) and has previously been shown to cause diarrhoea and depression of weight gain, 
as well as a dense attachment to the epithelial surface of the caeca in experimentally 
challenged chickens, in the current experiment only mild clinical signs were apparent 
(Trott et al., 1995, Trott et al., 1998). This suggests that the conditions in the current 
experiment were not optimal and that caution should be exercised when interpreting the 
results with H1b. Interestingly, Trott et al.(1996b) found that WesB did not cause 
diarrhoea or gross lesions in newly-weaned pigs. Other strains of B. pilosicoli such as 
Rosie-2299, which had been cultured from a mature Aboriginal woman with a history 
of chronic diarrhoea of unknown aetiology (Trott and Hampson, 1998) also did not 
induce diarrhoea or weight loss in chickens, although attachment of spirochaetes and 
focal erosions on the epithelial surface of the caeca were observed. Mild clinical signs 
or patchy attachment of B. pilosicoli, also has been reported in chickens challenged with 
strains HRM 4, 6 and 13 isolated from humans with diarrhoea (Dwars et al., 1992b). 
Overall, there were more chickens colonised with strain WesB (7/9; 77.8%) than strain 
H1b (2/9; 22.2%). This supports the likelihood that H1b has a lower pathogenicity and 
less invasiveness compared to WesB. This is supported by the absence of clinical 
symptoms in the 38-year old male from whom this strain was originally isolated.  
In mice, all three strains of B. pilosicoli successfully colonised the caeca, but did not 
result in the presence of any clinical signs or pathological or histological changes at 
post-mortem. The lack of clinical signs and the failure to attach to the caecal epithelium 
has also been reported in previous studies in mice infected with strains of B. pilosicoli 
(Jamshidian et al., 2004). Sacco et al. (1997) also reported that a B. pilosicoli isolate of        Chapter V:  Experimental challenge of day-old chickens and mice with B. pilosicoli                            
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human origin failed to attach to the caecal epithelium of mice, although strains of avian 
and porcine origin did attach. 
Other reasons for the mild clinical signs in this experiment may be a result of the 
variation in the susceptibility of the challenged animals. It has been claimed that the 
variation in the reaction of challenged animals to Brachyspira can be due to genetic or 
individual resistance of animals, mutation of the Brachyspira or the composition of the 
colonic microflora of the animals (Kinyon et al., 1977, Joens, 1980, Suenaga and 
Yamazaki, 1986, Dwars et al., 1992b, Nibbelink and Wannemuehler, 1992, Trott et al., 
1995, Achacha et al., 1996). It is possible that the chickens used in this study were more 
resistant to disease compared to those used in other studies. 
In conclusion, this study has demonstrated that B. pilosicoli strains H1b and H171 
isolated from two healthy Indonesians, were able to colonise day-old SPF chickens (in 
the case of H1b) and mice. By implication, strains from chickens and mice may be able 
to colonise human beings who are exposed to them.   
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6.1 VALIDATION OF METHODS FOR LEVELS OF DETECTION 
AND EVALUATION OF FAECAL STORAGE 
The purpose of this part of the overall study was to determine the detection levels for      
B. pilosicoli by culture in fresh and stored human faecal samples. In Section 3.2.6.1 it 
was seen that prior to storage the minimum detectable number of B. pilosicoli on 
selective agar was 10
4 cells/g. This level of detection was within the range reported by 
others: 10
3 -10
5 cells/g (Trott et al., 1997a), 2 x 10
4 cells/g  (Brooke et al., 2003b) and 
10
4 – 10
5 cells/0.2g  (Atyeo, 1997). However, in general, this current study found that 
the detection levels decreased from 10
4 to 10
5cells/g after 12 hours storage at room 
temperature, or after 2 days at 4
oC. More specifically, at room temperature, the viability 
of B. pilosicoli in 70 ml sample pots was maintained better than in the 35 and 8 ml pots. 
This may have been due to the large mass of faeces in the 70 ml pots, which may have 
been responsible for maintaining the anaerobic environment and temperature, which in 
turn may have slowed the growth of other aerobic microflora present in the faeces. This 
was supported by retention of the faecal consistency for up to 10 days in the 70 ml pots. 
In contrast, in the 35 and 8 ml pots, they became soft, bubbly, and smelly from day two, 
and deteriorated further when they were kept for longer periods.  
Others have demonstrated the ability for B. pilosicoli to maintain viability when stored 
at 4
oC (Lee and Hampson, 1992, Oxberry et al., 1998). Brachyspira hyodysenteriae was 
also reported to survive for periods up to 48 days in pig faeces kept at 0 to 10
oC (Chia 
and Taylor, 1978). This is the first report in evaluating the sensitivity of culture of       
B. pilosicoli in regards to the size of container used to store the faecal samples. 
In nature, detection levels achieved by using direct culture depends on the number and 
viability of the Brachyspira in the sample, and the stage of infection at the time of                                                                                         Chapter VI:  General discussion                            
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collection. Throughout the study, the faecal samples were collected by using the 70 ml 
size container. In Bali where the average temperature is 27
oC (range 24 - 32
 oC), the 
faecal samples were collected from households at 8.00 – 10.00 a.m. to minimise 
exposure to warm temperatures, and the samples were chilled as soon as possible after 
collection.  
In conclusion, the detection levels achieved using culture are affected by the faecal 
environment. In order to maintain the viability of B. pilosicoli during the time between 
collection and culturing, it is recommended that samples are collected in large 
containers, chilled as soon as possible, and cultured within 24 to 48 hours of collection. 
6.2 ISOLATION OF BRACHYSPIRA PILOSICOLI FROM HUMANS 
6.2.1 Prevalence in different population groups 
Prior to the commencement of this study there was no detailed information on the 
carriage of B. pilosicoli amongst either Indonesians or elderly Westerners. Indonesians 
would be expected to have a higher prevalence of carriage because they live in a 
developing country, often with inadequate sanitary conditions and a lack of access to 
chlorinated drinking water (Tompkins et al., 1986, Barret, 1990, Lee and Hampson, 
1992, Trott et al., 1997a, Brooke et al., 2001a, Munshi et al., 2004, Brooke et al., 2006).  
In this study B. pilosicoli were cultured from only 0.2% of Australians (854 samples 
from 72 healthy Australians, 55 elderly hospitalised patients, 70 elderly residents of 
nursing homes, 102 children attending day care centres and 557 patients whose faecal 
samples were submitted to a diagnostic laboratory for microbiological examination). On 
the other hand, B. pilosicoli was isolated from 9.4% of Indonesians living in or visiting                                                                                         Chapter VI:  General discussion                            
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Perth (216 faecal samples from 180 individuals), and approximately 12% of 
Indonesians (992 faecal samples from 617 individuals) living in Bali. The fact the 
isolates were obtained from the Indonesian groups demonstrated that the method used 
for detection worked, and adds confidence to the validity of the negative results in the 
other groups.   
The findings of this study are consistent with previous studies that showed that             
B. pilosicoli is uncommon in Westerners, but common in people from developing 
countries such as PNG (Trott et al., 1997a), Oman (Barrett, 1990), India (Munshi et al., 
2004), West and Central Africa (Goossens et al., 1983) and migrants to Australia from 
Asia, the Middle East, and Africa (Brooke et al., 2001a), or Asian migrants to the UK 
(Tompkins et al., 1986). 
It would appear that the low prevalence in Australians is a result of little or no exposure 
to B. pilosicoli. Good personal hygiene and environmental sanitation in developed 
nations such as Australia may prevent the transmission of intestinal spirochaetes from 
reservoirs to humans. Intestinal spirochaetes, including B. pilosicoli, are common in 
wild birds in Australia, and these may act as a reservoir of infection for transmission to 
other animals through the faecal-oral route (Oxberry et al., 1998). Experimental 
infection with B. pilosicoli, and the subsequent development of symptoms has been 
shown to be possible in a healthy Westerner individual (Oxberry et al., 1998), however 
only after a significant challenge. It is probable that the number of cells of B. pilosicoli 
that the average Australian resident is exposed to is not sufficient to colonise the gut. 
The overall prevalence amongst Indonesians (9.4-12.6%) was lower than that found in 
Aborigines living in remote areas of Australia (32.6%) (Brooke et al., 2001a), in Papua 
New Guineans living in rural areas (22.8%) (Trott et al., 1997a, Trott et al., 1998), in                                                                                         Chapter VI:  General discussion                            
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recent migrants entering Australia from Asia (25%), the Middle East (13.8%), and 
Africa (20%) (Brooke et al., 2001a), or amongst Indians on three tea estates in Assam 
(21.2 %) (Munshi et al., 2004).  
In Bali the potential for infection from a contaminated environment was highlighted by 
the high prevalence in the peri-urban area of Sesetan (approximately 20%) compared 
with the traditional Balinese villages (approximately 10%). Sesetan is crowded, has a 
large number of transient residents from other parts of Indonesia, has a high population 
of pigs, and a generally poor and polluted environment (Figure 3.18). The water supply 
may have been contaminated by spirochaetes originating from animals or humans. The 
role of a contaminated water supply as a risk factor for spirochaetal infection has also 
been reported in previous studies in PNG and India (Trott et al., 1997a, Munshi et al., 
2004).  
Diet is considered to be a predisposing or protective factor for colonisation with 
Brachyspira species. Feeding cooked rice has been reported to give protection against 
colonisation with B. hyodysenteriae and B. pilosicoli in pigs (Pluske et al., 1996, Siba et 
al., 1996, Hampson et al., 2000). This is considered to be due to its high digestibility, 
which leads to a low level of fermentation in the colon. This either leads to an 
unfavourable environment for growth of Brachyspira species (Siba et al., 1996) and/or 
there is insufficient substrate in the colon to support the growth of the spirochaetes 
(Pluske et al., 1996). This is in contrast to the fact that the basal diet of Indonesians is 
rice, and yet 8.8 to 23.4% of individuals were colonised with B. pilosicoli. However, it 
is difficult to quantify the protective role of a rice diet in this study as there are probably 
many other foods or substances eaten that influence the colonic environment. For 
example, a diet low in zinc, or both selenium and vitamin E, has been shown to increase                                                                                         Chapter VI:  General discussion                            
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the number of viable Brachyspira in mice, and to increase the severity of mucosal 
damage when compared to mice supplemented with these nutrients (Teige, 1982, Zhang 
et al., 1995). 
Indonesians who were sampled in Perth originated from 31 towns and nine islands of 
Indonesia. The positive people originated from nine towns and six islands, which were 
distributed throughout the country (see Figure 3.6). Together with the relatively high 
colonisation rate in Balinese people, and the fact that some were still positive on the 
second visit, indicates that B. pilosicoli is most likely to be endemic amongst 
Indonesians throughout the country. 
6.2.2 Age and gender 
In the Indonesian population in Perth, carriage of B. pilosicoli was increased in those 
between 2 and 18 years of age. This is supported by previous studies that have shown 
that children over two years of age were more susceptible to B. pilosicoli infection than 
were other age groups (Tompkins et al., 1986, Barret, 1990, Lee and Hampson, 1992, 
Trott et al., 1997a, Brooke et al., 2001a, Brooke et al., 2006). This was considered to be 
related to the commencement of weaning, the behaviour of putting foreign objects into 
the mouth, and frequent interactions between children, thus increasing the likelihood of 
transmission of B. pilosicoli. It was also possible that some of the children were infected 
prior to visiting Perth, as two of the six positive children had only lived in Perth for four 
months prior to being sampled.  
On the other hand, there was no significant difference in age groups colonised with                                                                                          Chapter VI:  General discussion                            
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B. pilosicoli amongst the Balinese. This difference is probably due to the active 
interaction amongst Balinese at all ages as a result of their unique housing system, 
culture, and religion. The majority of Balinese are Hindu, and most own dogs and pigs 
and have very close contact with these animals. The dog population in Bali is one of the 
highest in Indonesia, and dogs are owned by 39% of the population (Margawani and 
Robertson, 1995).  
In the current study, no spirochaetes were cultured from 125 elderly residents of nursing 
homes and a hospital in Perth. While there are limited other studies on the prevalence in 
elderly people, Brooke (2003) reported that Aborigines older than 60 years of age were 
significantly more likely to be colonised by B. pilosicoli than were younger Aborigines, 
and suggested this was due to a waning immunity. The absence of B. pilosicoli in 
elderly Westerners (62-94 years) in the current study was probably due to the absence of 
spirochaetes in the environment where they resided (nursing homes and hospital).    
In the current study, gender was not identified as a risk factor for colonisation with      
B. pilosicoli. Similar findings have been published elsewhere, suggesting that there was 
no difference in the susceptibility of males and females for colonisation. However the 
prevalence has been reported to be higher in homosexual males, and this is most likely 
associated with their sexual practices rather than the influence of gender on prevalence 
(Lee and Hampson, 1992, Trott et al., 1997a, Brooke et al., 2001a, Brooke, 2003). 
6.2.3 Clinical symptoms and faecal consistency 
The result of this study showed that there was no significant association between 
colonisation with B. pilosicoli and the presence of clinical symptoms (diarrhoea, 
abdominal pain, headache, muscle/joint pain, and constipation). The reason for this                                                                                         Chapter VI:  General discussion                            
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could be associated with some level of immunity gained in early childhood during 
primary infection, which may have reduced the extent of colonisation during subsequent 
secondary infections. Strains of B. pilosicoli in Indonesia may also not be very invasive, 
and consequently do not induce an inflammatory reaction. It is not clear why the 
presence of B. pilosicoli is symptomatic in some patients but asymptomatic in others. It 
has been suggested that symptoms may occur when there is an inflammatory reaction as 
a result of invasion of spirochaetes beyond the surface epithelium (Körner and Gebbers, 
2003). 
The current study found that there was no significant difference in the detection of       
B. pilosicoli between the three faecal consistencies, although individuals with watery or 
wet-clay faeces were more likely to have B. pilosicoli in their faeces than were 
individuals with normal stools. This is similar to observations made in PNG (Trott et 
al., 1997a) and in Aborigines in Australia (Lee and Hampson, 1992), where it was 
found that watery faecal samples or samples from individuals with  chronic diarrhoea 
were more likely to contain intestinal spirochaetes than were normal faeces. This 
finding supports the possibility that B. pilosicoli may be a potential cause of long-
standing diarrhoea in humans, although it does not provide evidence of direct causation. 
It is interesting that in a study of 6,760 patients with debilitating diarrhoea in Indonesia, 
only 9% were positive for pathogenic bacteria, including: Shigella flexneri, Salmonella 
enterica, Vibrio spp., Shigella. sonnei, Campylobacter jejuni, Salmonella Typhi and 
Shigella dysenteriae (Oyofo and Lesmana, 2002). It is possible that B. pilosicoli may 
have contributed to diarrhoea in some of these patients, but no attempt was made to 
detect it. Although B. pilosicoli is a recognised enteric pathogen of animals, and despite 
the fact that human strains have been used experimentally to reproduce intestinal                                                                                         Chapter VI:  General discussion                            
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spirochaetosis and/or diarrhoea in animals (Trott et al., 1995, Trott et al., 1996b, Sacco 
et al., 1997), the precise role of the spirochaete as a potential pathogen of humans 
remains uncertain. Numerous studies have reported that people can carry intestinal 
spirochaetes without necessarily displaying clinical signs (Lee et al., 1971, Nielsen et 
al., 1983, Lee and Hampson, 1992, Trott et al., 1996a), whilst others have reported an 
association between the presence of intestinal spirochaetes (generally uncharacterised) 
and abdominal pain, chronic diarrhoea and/or rectal bleeding (Padmanabhan et al., 
1996, Gad et al., 1977, Douglas and Crucioli, 1981, Peghini et al., 2000, Umeno et al., 
2007).  
6.2.4 The influence of animal ownership and occupation 
This study found that there was no significant difference in the prevalence of 
colonisation with B. pilosicoli between people whose occupation involved contact with 
animals and those who did not have contact with animals, between farmers and non-
farmers, and between animal-owners and non-owners. This is probably due to the fact 
that the Indonesians sampled in Perth in this study were primarily from urban areas and 
had few interactions with pets/animals. Similarly the animals they owned probably had 
few interactions with other animals and were therefore less likely to acquire 
spirochaetes. In contrast Balinese have close and frequent interactions with dogs and 
pigs.  
6.2.5 Duration of colonisation 
This study found that it is probable that some individuals are colonised with                 
B. pilosicoli for at least five months, and possibly longer.                                                                                          Chapter VI:  General discussion                            
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The isolates from some individuals who were colonised at more than one sampling 
point showed identical PFGE types, suggesting that they were colonised by the same 
strain. In contrast one individual was shown to be infected with two different strains (as 
determined by the PFGE analysis) over a four month period. However it was not clear if 
the initial infecting strain was still present in numbers less than the minimal detectable 
level at the second sampling, or if she recovered from that infection but was reinfected 
with a different strain. This may indicate that spirochaetes have the ability to avoid any 
potential host immunological reaction directed against them.  
The findings were consistent with the reports that indigenous people from PNG, on 
average, were colonised for at least four months, and three Aboriginal children were 
still positive one year after sampling (Lee and Hampson, 1992, Trott et al., 1997a). 
However, in these and the current study, it is uncertain if the people were continuously 
infected or whether they recovered from infection and were subsequently re-infected.  
Some of the positive Indonesians in Perth were most likely colonised prior to entering 
Australia as six positive individuals were only present in Perth for a period of between 
10 days and 2.5 months. This finding agrees with the observation of Brooke and 
colleagues, who found a high prevalence of colonisation in migrants to Perth from Asia, 
the Middle East and Africa, suggesting that these individuals were infected prior to 
entering Australia (Brooke et al., 2001a).  
6.2.6 Number of people positive for Brachyspira pilosicoli in one 
household 
Multiple members of certain families were found to be culture positive in both Perth 
and Bali. In a family of six members, there were up to four members who were culture                                                                                         Chapter VI:  General discussion                            
 
  227 
positive, and in a family of four and five there were three members who were culture 
positive. Some of the members were positive on the first sampling but negative on the 
second sampling, or vice versa. These results suggest the occurrence of transmission 
between family members. This was supported by PFGE analysis where it was shown 
that closely related strains of B. pilosicoli could be isolated from different individuals 
living in the same or different households. Alternatively, it may indicate that all 
individuals in a family were exposed to the same risk factors. In the traditional villages 
in Bali, where the water was predominantly chlorinated and sourced from a tap, a 
possible source of infection was from animals kept by households (94.4% households 
owned at least one type of animal or bird), but in this study pet ownership was not 
associated with infection.  
A non-chlorinated water supply previously has been suggested as one of the risk factors 
for colonisation with B. pilosicoli (Trott et al., 1997a, Munshi et al., 2004). The finding 
of B. pilosicoli in multiple members of some migrant families in Australia, and the UK, 
also has been reported previously (Gad et al., 1977, Tompkins et al., 1986, Brooke et 
al., 2001a).  
6.2.7 MLEE and PFGE 
In this study, PFGE and MLEE were useful for examining genetic relationships between 
isolates to determine the length of colonisation and the potential transmission between 
individuals. They were used to show that two individuals from different families had 
identical isolates. These individuals contacted and visited each other in Perth, when it is 
presumed that transmission may have occurred. Isolates from two family members who 
lived in the same household in Bali, were also identical by PFGE. The spirochaete may                                                                                         Chapter VI:  General discussion                            
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have been transmitted by faecal-oral contact, or through a common external source, 
such as contaminated water. 
6.3 ISOLATION OF INTESTINAL SPIROCHAETES AND 
BRACHYSPIRA PILOSICOLI FROM ANIMALS 
This study detected intestinal spirochaetes in the faeces of dogs, cats, ostriches, ducks, 
chickens, bilbies, bandicoots, orang-utans, one kangaroo, and a siamang. Brachyspira 
pilosicoli was detected in the faeces of 0.3% dogs, 2.7% ducks, and 14.3% bilbies. 
The low number of Australians, as well as animals commonly kept in household, (dogs, 
cats and backyard birds), that were found colonised with B. pilosicoli in this study 
suggests that animals are not a major direct source of infection for humans. The 
isolation of uncharacterised intestinal spirochaetes in dogs has been reported elsewhere, 
and these are considered to be commensal organisms and have been provisionally 
classified as “B. canis” (Duhamel et al., 1998, Fellström et al., 2001). 
The presence of intestinal spirochaetes in ostriches, bilbies, bandicoots, and kangaroos 
has not been previously reported. These spirochaetes could be commensal bacteria or 
could be introduced and transmitted from wild water birds or rodents. The significance 
of the spirochaetes in these animals was unclear. It could be suggested that spirochaetes 
are commensal or opportunistic bacteria, which become pathogenic when animals are 
stressed. For example, at the time of sampling, ostriches in a farm that was studied were 
having problems with dying chicks, and the prevalence of intestinal spirochaetes was as 
high as 14.9%.                                                                                         Chapter VI:  General discussion                            
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Wild birds and other animals are potential vectors for intestinal spirochaetes, and can 
contaminate water sources for other animals in the wild or on farms (Oxberry et al., 
1998). This evidence is supported by the finding of spirochaetes, including B. pilosicoli 
in one case, in the caeca of three ducks that were shot on the ostrich farm. Spirochaetes 
were cultured from 40% (4/10) of the water samples collected from the drinking troughs 
used by the ostriches sampled in this study, and this may have been the source of their 
infection.  
There is probably an association between the presence of spirochaetes in Australian 
wild animals and Aborigines. Previous studies have reported that the prevalence in 
Australian Aborigines was as high as 30%, and this was believed to be associated with 
the way of life, and the poor hygiene and sanitation standards of Aborigines resulting in 
a poor immune status (Lee and Hampson, 1992, Gracey et al., 1992, Brooke et al., 
2004).  
It was not clear what role the spirochaetes had in the bilbies that were colonised. 
However, B. pilosicoli is potentially pathogenic to humans, dogs, pigs and chickens, and 
it is likely that they can similarly cause disease in bilbies (Duhamel et al., 1995b, 
Hampson, 1991, Koopman et al., 1993, Trott et al., 1995, McLaren et al., 1996, Trott et 
al., 1995, Trott et al., 1996b, Hampson and Oxberry 1997, Trott et al., 1997a). The role 
of spirochaetes as an occasional opportunistic bacteria needs to be taken into 
consideration in evaluating the health of highly endangered animals.                                                                                         Chapter VI:  General discussion                            
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6.4 EXPERIMENTAL CHALLENGE OF DAY-OLD CHICKENS 
AND MICE  
The current study found that B. pilosicoli strains H1b and H171 were able to colonise 
day-old chickens and mice. These strains were originally cultured from two healthy 
Indonesian men in Perth. Previously (Sections 3.3 and 3.4) it was shown that B. 
pilosicoli can infect approximately 10% of Indonesians without causing clinical 
symptoms. Indonesians probably do not display signs because of immunity acquired 
early in life from exposure to Brachyspira. However, the fact that H1b and H171 were 
able to infect chickens and mice may indicate that they could become pathogenic in 
other people, for example they could be opportunistic pathogens in people with a 
suppressed immune system. Previously B. pilosicoli has been reported as the cause of 
severe illness in patients with depressed immune systems (Gad et al., 1977, Crucioli and 
Busuttil, 1981, Cotton et al., 1984, Sanna et al., 1984, Jones et al., 1986, Surawicz et 
al., 1987, Fournié-Amazouz et al., 1995, Kostman et al., 1995). 
6.5 SUMMARY AND CONCLUSIONS  
The conclusions that can be drawn from this study are that: 
  Brachyspira pilosicoli is uncommon in human residents of Australia.  
  Brachyspira pilosicoli is common and likely to be endemic in Indonesia, and in 
Indonesians who live in Australia on a short-term basis. 
  Infection with B. pilosicoli does not appear to cause gastrointestinal symptoms 
in Indonesians.                                                                                         Chapter VI:  General discussion                            
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  Risk factors for infection include living in poor environmental conditions and 
not having access to chlorinated water sources. 
  Age, gender, animal ownership and occupation involving contact with animals 
are not risk factors for human infection. 
  Isolates of B. pilosicoli from Indonesians are genetically heterogenous, without 
any consistent pattern with respect to geographical location or family of origin. 
  Colonisation of individual humans with the same strain of B. pilosicoli can last 
for at least five months. 
  Transmission of B. pilosicoli between people living in the same or different 
households may occur. 
  Brachyspira pilosicoli is uncommon in pet animals, but is common in bilbies in 
Australia. 
  Brachyspira pilosicoli isolates from two healthy Indonesian males were able to 
colonise day-old chickens and mice. This emphasises the fact that B. pilosicoli 
strains from Indonesia may have zoonotic potential.                                                                                                                          References  
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APPENDICES 
Appendix A contains the summary of studies on Human Intestinal Spirochaetes (HIS). 
Appendix B contains the details of consumables, reagents, buffers and solutions and 
their manufacturers that were used in the cultivation of intestinal spirochaetes, and in 
the PCR, MLEE and PFGE studies. Appendix C contains the questionnaires, 
Information and Consent Forms that were used in gathering information from the 
respondents.  
APPENDIX A 
 
This appendix contains the summary of the studies on HIS. Table 1 consists of case and 
case-control studies of HIS from 1917 to 2008. Tables 2 and 3 consist of the 
epidemiological reports of HIS amongst heterosexuals and homosexuals up to 2008.  
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Table 1 A summary of case and case-control studies of human intestinal spirochaetosis (HIS) (1967 to 2008) 
Reference  Country  No. of cases  Symptoms/disease 
associated 
 
Type of 
Specimen 
Pathological 
finding 
Diagnosis  Other 
information 
Broughton-Alcock, 
1926-27  The UK  1 
Gonorrhoea, arthritis, 
acute diarrhoea with 
blood in motion, 
Streptococcus 
Ileo-caecal 
biopsies 
HIS, destruction 
mucous memrane  LM  Patient died  
Harland and Lee, 
1967  Scotland  10 
Diarrhoea, abdominal 
pain, rectal bleeding, 
constipation, cancer, 
polyps, appendicitis 
Colorectal 
biopsies  HIS  LM, TEM  NA 
Gear and Dobbins, 
1968  The USA  1 
No gastro intestinal 
symptom, systemic lupus 
erythema 
Proctoscopy 
HIS, absent 
microvilli, 
lymphocyte, 
eosinophil, mast 
cells,  
LM, TEM  NA 
Minio et al., 1973  Italy  2  Healthy, no 
gastrointestinal symptom 
Colorectal 
biopsies   HIS on mucosa  LM, TEM  NA 
Gad et al., 1977  Sweden  4 
Mucoid diarrhoea, 
constipation, abdominal 
pain, distension, 
appendicitis 
Colorectal 
biopsies   HIS on mucosa    LM, TEM, 
SEM 
 Penicillin no 
effect 
neomycin 
removed HIS 
and symptoms 
Willen et al., 1977  Sweden  4 
Bloody diarrhoea, 
abdominal pain, 
ulcerative colitis, polyps, 
appendicitis 
Colorectal 
biopsies  
HIS into goblet 
cells  LM, SEM 
 Penicillin, 
doxycycline no 
effect, 
neomycin 
removed HIS 
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Reference  Country  No. of cases  Symptoms/disease 
associated 
 
Type of 
Specimen 
Pathological 
finding 
Diagnosis  Other 
information 
Crucioli and 
Busuttil, 1981  Scotland  12 
Diarrhoea, bleeding, 
mixed symptoms, 
proctalgia 
Colorectal 
biopsies 
HIS, irregular 
mitochondria, 
lysosome activity 
LM, EM, 
TEM 
Metronidazole 
removed HIS 
and symptoms 
Douglas and 
Crucioli, 1981  Scotland  2  Diarrhoea, rectal bleeding  Rectal 
biopsies  HIS   LM, TEM 
Metronidazole 
removed HIS 
and symptoms 
Antonakopoulos et 
al., 1982  England  1 
Long history of 
ankylosing spondylitis, 
diarrhoea, weight loss, 
abdominal pain, Crohn's 
disease 
Rectal 
biopsy 
HIS into lamina 
propria, 
macrophages and 
Schwann cells 
LM, EM  NA  
Hovind-Hougen et 
al., 1982  Denmark  6  No symptoms  Colorectal 
biopsies   B. aalborgi  C, EM  
Not 
Determined 
 
Tompkins et al., 
1982  The UK  1  Diarrhoea, abdominal 
pain, distension 
Colorectal 
biopsies 
HIS different 
from B. 
pilosicoli, 
proctitis 
C, LM, 
TEM 
NA 
 
Cotton et al., 1984  The UK  4  Diarrhoea, weight loss, 
abdominal pain, leukemia 
Colorectal 
biopsies   Not Determined  LM, TEM  NA 
   
Willen et al., 1985  Sweden  1 
Longstanding bloody 
mucoid diarrhoea, 
abdominal pain 
Colorectal 
biopsies 
 
Atrophy, 
inflammatory 
ulcerative colitis 
 
 
LM. TEM  NA 
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Table 1 A summary of case and case-control studies of human intestinal spirochaetosis (HIS) (1967 to 2008) …continued 
 
Reference  Country  No. of cases  Symptoms/disease 
associated 
 
Type of 
Specimen 
Pathological 
finding 
Diagnosis  Other 
information 
Rodgers et al., 1986  South Africa  1 HM  Diarrhoea, abdominal 
pain, nausea, malaise 
Colorectal 
biopsies   HIS, threadworm  LM 
Metronidazole 
& 
mebendazole 
removed HIS 
& symptoms 
Cooper et al., 1986  The UK  5 HM  Diarrhoea, purulent, 
rectal discharge 
Rectal 
biopsies 
HIS, B. pilosicoli 
microvilli loss 
C, LM, 
TEM  NA  
Rodgers et al., 1986  The UK  1  Diarrhoea, abdominal 
pain 
Rectal 
biopsy 
HIS, invasion 
into epithelium 
LM and 
EM 
Metronidazole 
removed HIS 
and symptoms 
Gebbers et al., 1987  The UK  2 
Diarrhoea, nausea, 
constipation, rectal 
bleeding, weight loss 
Colorectal 
biopsies  
HIS, invasion 
into epithelial 
mast cells,  IgE 
plasma cell 
response 
LM, TEM, 
SEM,  
Metronidazole 
removed HIS 
and symptoms 
Mooney et al., 1988  Ireland  14 (3 
children) 
Diarrhoea, abdominal 
pain, rectal bleeding, 
constipation 
Colorectal 
biopsies  
 HIS, normal 
mucosa by TEM 
in 1 case  
 LM, TEM 
I case   NA  
Gebbers and 
Marder, 1989   Switzerland  3  Diarrhoea, abdominal 
cramps 
Colorectal 
biopsies  
HIS invasion into 
epithelial cells 
and in 
macrophages 
C, LM, 
TEM  
Antibiotics 
removed HIS 
and symptoms 
Cunha Ferreira et 
al., 1993  England  3 (1 child)  Rectal bleeding, 
abdominal pain 
Colorectal 
biopsies   HIS into crypts  LM, TEM, 
SEM 
Not 
Determined 
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Reference 
 
Country 
 
No. of cases 
 
Symptoms/disease 
associated 
 
 
Type of 
Specimen 
 
Pathological 
finding 
 
Diagnosis 
 
Other 
information 
Lindboe et al., 1994  Norway  8  HIS & adenocarcinoma   Colorectal 
biopsies  
 HIS, no 
inflammation, no 
IgE response 
 LM 
 Not 
Determined 
 
Lo et al., 1994  Scotland  2  Diarrhoea, rectal 
bleeding, abdominal pain 
Colorectal 
biopsies, 
faeces 
HIS, extensive, 
mild oedema, no 
inflammation 
C, TEM, 
SEM 
Metronidazole 
removed HIS 
and symptoms 
White et al., 1994  New Zealand  2 child 
Abdominal pain, vomit, 
weight loss, bloody stool, 
appendicitis, fever 
Colorectal 
biopsies  
HIS, vacuoles, 
mesenteric 
adenitis 
LM, TEM 
Metronidazole 
& neomycin 
removed HIS 
but not 
symptoms 
Coyne et al., 1995  England  2  Diverticulitis, faecal 
incontinence 
Colorectal 
biopsies  
HIS on non-
neoplastic 
epithelium, blunt 
microvilli 
LM, TEM  Polymycin 
removed HIS 
Guccion et al., 
1995  USA  2 HM AIDS 
Diarrhoea, constipation, 
abdominal pain, weight 
loss, anorexia, mucosal 
ulceration, Shigella 
Colorectal 
biopsies  
B. aalborgi into 
crypts, stunted 
microvilli 
LM, TEM  Not Available 
 
Fournié-amazouz et 
al., 1995, Trott et 
al., 1997b 
France  6 patients 
Severe illness, diarrhea (2 
cases), peritonitis , 
jenunal necrosis and 
myelomas 
Blood  B. pilosicoli  C  Four patients 
died 
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Reference 
 
Country 
 
No. of cases 
 
Symptoms/disease 
associated 
 
Type of 
Specimen 
 
Pathological 
finding 
 
 
Diagnosis 
 
Other 
information 
Kostman et al., 
1995  USA  3 (2 HIV)  Abdominal pain, bloody 
diarrhoea, weight loss 
Colorectal 
biopsies  
HIS invasion into 
epithelium, crypt 
abscess, 
epithelial 
ulceration and 
necrosis 
LM, TEM 
Metronidazole 
removed HIS 
and symptoms 
Brito de et al., 1996  Brazil  4 (1 child) 
Diarrhoea, abdominal 
pain, constipation, rectal 
bleeding 
Colorectal 
biopsies  
HIS invasion into 
crypts, mild 
inflammation, 
vascular redness, 
Ca rectum 
LM, TEM, 
SEM 
Metronidazole 
removed HIS 
and symptoms 
Padmanabhan et 
al., 1996  Australia  3 
Diarrhoea, abdominal 
pain, rectal bleeding, 
proctitis, nausea, weight 
loss, Blastocystis hominis 
Colorectal 
biopsies, 
faeces 
HIS stunted 
microvilli, goblet 
Schwann cell 
invasion  
LM. TEM 
Symptom 
improved high 
fibre diet & 
hydrocortisone 
foam 
Zerpa et al., 1996  France  1 child 
Bloody diarrhoea, 
abdominal pain, nausea, 
vomit 
Colonic 
biopsies 
HIS, B. hominis, 
Giardia cyst  LM 
Metronidazole 
did not give 
effect 
Guccion et al., 
1995, Trott et al., 
1997b 
The USA  2  AIDS patients with 
Kaposi‟s sarcoma  Blood  B. pilosicoli   C   
Nakamura et al., 
1998  Japan  1  Weight loss, diabetes, 
polyps  Faeces   HIS normal cell  C   Not 
Determined 
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Reference 
 
Country 
 
No. of cases 
 
Symptoms/disease 
associated 
 
 
Type of 
Specimen 
 
Pathological 
finding 
 
Diagnosis 
 
Other 
information 
Mikosza et al., 
1999 Guccion et 
al., 1995 
South 
Norway (7), 
The USA (2), 
Australia (1) 
Total of 10 
Mix symptoms: 
adenocarcinoma (5), 
diverticulitis, HIV (2 
patients) 
Colorectal 
biopsies 
All positive with 
both B. pilosicoli 
and B. aalborgi  
PCR   
Alsaigh and Fogt, 
2000  The USA 
11 males, 4 
females 
(36-81 
years) 
Chronic, change in bowel 
habit, watery diarrhea, 2 
asymptomatic 
    LM,    
Peghini et al., 2000  USA  1  Long term abdominal 
pain, diarrhoea 
Colorectal 
biopsies  
HIS mild chronic 
inflammation, 
goblet cell 
invasion 
LM, TEM 
Metronidazole 
removed 
symptoms 
Kraaz et al., 2001  Sweden  1 (23 year- 
male) 
Long term bloody, 
mucous diarrhoea 
Colorectal 
biopsies, 
faeces  
HIS B. aalborgi, 
normal cell, no 
invasion, 
microvillus 
effacement 
C, LM, 
TEM, IM 
Not 
Determined 
Heine et al., 2001  Australia  4 child (9-
16 years) 
Persistent diarrhea (n=2), 
abdominal pain (n=2), 
rectal bleeding (n=1) 
 Colorectal 
biopsies 
B. aalborgi no 
inflammation   LM, PCR 
 Metronidazole 
& amoxcyllin 
or penicillin 
removed HIS 
& symptoms, 1 
relapse 
Kavanaki et al., 
2002  Greece 
1 (elderly 
immonoco
mpromised 
Abdomonal pain, bloody 
diarrhea, fever, non-
Hodgkin‟s lymphoma 
Faeces  B. pilosicoli  C 
Penicillin G 
removed 
symptoms 
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Table 1 A summary of case and case-control studies of human intestinal spirochaetosis (HIS) (1967 to 2008)…continued 
 
 
Reference 
 
Country 
 
No. of cases 
 
Symptoms/disease 
associated 
 
 
Type of 
Specimen 
 
Pathological 
finding 
 
Diagnosis 
 
Other 
information 
Marthinsen et al., 
2002  Sweden  8 child  (4-
14 years) 
Chronic diarrhoea, 
abdominal pain, rectal 
bleeding, Helicobacter 
pylori, enterobiasis 
  
Severe IS, 
stunted 
microvilli, 
lymphocytes, 
eosinophilia, 
polyps, 
inflammation 
LM, TEM 
Metronidazole, 
Erythromycin, 
Doxycyclin: 
symptom ease 
but relapse. 
Penicillin no 
effect 
Calderaro et al., 
2003  Italy  1  Long term mucous 
diarrhoea, rectal bleeding    
B. aalborgi, 
colitis, stunted 
microvilli, 
mucosal erosion,  
C, LM, 
TEM, S,  
Metronidazole 
removed HIS 
and symptoms 
Lima et al., 2005  Brazil  1 (62 year-
male) 
Chronic intestinal 
haemorrhage, flatulence, 
syphilis, diverticulosis, 
HIV positive 
Colonic 
biopsies 
HIS, Nonspecific 
ulcer with 
thickened folds 
in entire colon  
LM 
Penicillin 
removed 
symptoms 
Koopman et al.., 
2005 
The 
Nederland  1  Severe 6-7 weeks 
diarrhoea 
Faecal 
culture 
B. aalborgi, 
mucosal erosion  C, LM 
Metronidazole, 
clindamycin 
removed HIS 
and symptoms 
Umeno et al., 2007  Japan  1 (31- year 
male) 
Abdominal pain, watery 
dairrhoea 
Colorectal 
biopsies 
B. pilosicoli, 
mild to moderate 
inflammation 
LM, PCR 
Metronidazole 
removed 
symptoms 
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Reference 
 
Country 
 
No. of cases 
 
Symptoms/disease 
associated 
 
 
Type of 
Specimen 
 
Pathological 
finding 
 
Diagnosis 
 
Other 
information 
Calderaro et al., 
2007b  Italy  1 (37-year 
male 
Abdominal pain, mucosal 
bloody diarrhea for 6 
months E. histolytica 
Colorectal 
biopsies, 
faeces 
 B. pilosicoli, B. 
aalborgi, erosion 
and ulcers in 
colon 
C, TEM, 
PCR 
Metronidazole 
removed HIS 
and symptoms 
Wesheit et al., 2007  Germany  209 patients 
Abdominal pain, 
diarrhoea, alternating 
diarrhoea and 
constipation 
Colorectal 
biopsies. 
Typical 
spirochaete 
attached to the 
luminal side of 
the enterocytes 
Microscop
y 
Metronidazole 
removed HIS 
and symptoms 
 
Key: AIDS - acquired immunodeficiency syndrome, BC- blood culture, C- culture, HIS - human intestinal spirochaetes, HM - 
homosexual male, HIV - human immunodeficiency virus, IM – immunohistochemistry, LM - light microscopy, TEM - transmission 
electron microscopy, S - sequencing 
 
   
                  
 
265  
 
 
Table 2 A summary of studies on prevalence of human intestinal spirochaetosis (HIS) in heterosexuals, 1916 – 2008 
 
 
Reference 
 
Year of the 
study, 
country 
Prevalence (%) 
(n=number of 
people or 
specimens)  
 
Symptoms of people 
 
Cells/            
pathological 
findings 
 
Other 
organisms 
detected 
 
Notes 
 
Diagnosis 
Fantham and 
Cantab, 1916b 
1916, 
Turkey 
3% HIS (1291 
faecal samples) 
Hospitalised British 
soldiers for various 
reasons 
Not Determined  Not 
Determined 
HIS not 
pathogenic  LM 
MacFie and 
Carter, 1917b 
1917, West 
Africa 
100% HIS (20 
faecal samples) 
Hospitalised Europeans 
and West Africans for 
various reasons 
Not Determined  Not 
Determined 
HIS not 
pathogenic   LM 
MacFie and 
Carter, 1917b 
1917, the 
UK 
56% HIS (105 
faecal samples)  Healthy British  Not Determined  Not 
Determined 
HIS not 
pathogenic in 
Westerners 
LM 
Crowell and 
Haughwout, 1918  
1918, the 
Philippines 
76% HIS (46 
faecal samples)  
No symptoms, apparent 
healthy  Not Determined  Not 
Determined 
HIS not 
pathogenic in 
dev‟ing country 
LM 
Parr, 1923  1923, the 
USA 
27% HIS (173 
faecal samples) 
Healthy infants and 
adults   Not Determined  Not 
Determined 
HIS not 
pathogenic in 
Westerners 
LM 
Lee et al., 1971  1961, 
Scotland 
6.9% HIS (144 
appendices) 
Wide spectrum 
requiring 
appendisectomy or 
sigmoidoscopy: 
neoplasm, ulcerative 
colitis, Crohn's disease, 
diverticulitis, 
haemorrhoids, etc 
HIS on non-
neoplastic 
epithelial cells 
Not 
Determined 
HIS did not 
cause 
appendicitis 
symptoms or 
gastrointestinal 
pathological 
importance 
LM, TEM 
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Table 2 A summary of studies on prevalence of human intestinal spirochaetosis (HIS) in heterosexuals, 1916 – 2008…continued 
 
 
Reference 
 
Year of the 
study, 
country 
Prevalence (%) 
(n=number of 
people or 
specimens)  
 
Symptoms of people 
 
Cells/            
pathological 
findings 
 
Other 
organisms 
detected 
 
Notes 
 
Diagnosis 
Lee et al., 1971  1963-1966, 
Scotland 
4.4% HIS (160 
appendices) 
Histologically proven 
acute appendicitis 
No symptoms 
which 
distinguished 
appendices with 
or without HIS 
Not 
Determined 
HIS did not 
cause 
appendicitis 
symptoms or 
gastrointestinal 
pathological 
importance 
LM, TEM 
Lee et al., 1971   1963-1966, 
Scotland 
9.8% HIS (523 
appendices) 
Pseudoappendicitis, 
appendicitis like 
symptom but no 
histological evidence of 
appendicitis 
No symptoms 
which 
distinguished 
appendices with 
or without HIS  
Not 
Determined 
HIS did not 
cause 
appendicitis 
symptoms 
LM, TEM 
Lee et al., 1971   1963-1966, 
Scotland 
3.7% HIS (107 
incidental 
appendectomies) 
Appendix removed 
during some other 
surgery eg. 
cholecystectomy 
No symptoms 
which 
distinguished 
appendices with 
or without HIS  
Not 
Determined 
HIS did not 
cause 
appendicitis 
symptoms 
LM, TEM 
Takeuchi et al., 
1974 
1974, the 
USA 
1.9% HIS (210 
colonic biopsy)   Mostly healthy  HIS on normal 
cells 
flagellates, 
gonorrhoea 
in one case 
HIS not 
pathogenic  LM, TEM 
Takeuchi et al., 
1974 
1974, the 
USA 
2% HIS (388 
appendix 
specimens) 
Appendicitis 
Inflammation in 
acute 
appendicitis 
Not 
Determined 
HIS not 
pathogenic  LM, TEM 
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Reference 
 
Year of the 
study, 
country 
Prevalence (%) 
(n=number of 
people or 
specimens)  
 
Symptoms of people 
 
Cells/            
pathological 
findings 
 
Other 
organisms 
detected 
 
Notes 
 
Diagnosis 
Henrik-Nielsen et 
al., 1983 
1983, 
Denmark 
5% HIS (300 
colorectal 
biopsies) 
Diarrhoea, constipation, 
diverticulitis, cancer, 
gastric ulcer, dyspepsia 
HIS on normal 
cells, no 
inflammation 
Not 
Determined 
 Treatment did 
not reduce 
symptoms 
LM, TEM 
Goosens, 1983 
1983, 
Rwanda, 
Africa 
22.6% HIS (93 
faeces)  Healthy, no symptoms  Not Determine  Not 
Determined 
HIS not 
pathogenic  C 
Goosens,1983  1983, 
Rwanda, 
Africa 
14% HIS (129 
faeces)  Diarrhoea  Not Determine  Not 
Determined 
HIS not 
pathogenic  C 
Goosens, 1983  1983 
Belgium 
1.5% HIS (1679 
faeces)  Healthy, no symptoms  Not Available  Not 
Available 
HIS not 
pathogenic  C 
Sanna et al., 1984  1984, Italy   B. pilosicoli  
(11 faeces) 
Gastrointestinal 
complaint  Not Determine  Not 
Determined  HIS pathogenic  C, PCR 
Henrik-Nielsen et 
al., 1985 
1985, 
Denmark 
2.6% (681 
appendix) 
2/107 per occasionem, 
13/105 pseudo-
appendicitis 3/414 acute 
appendicitis 0/44 other 
conditions 
HIS on normal 
cells, no 
inflammation, 
shorter 
microvilli 
Not 
Determined 
HIS associated 
with pseudo-
appendicitis 
LM, TEM 
Mathan and 
Mathan, 1985  1985, India  64% HIS  (14 
rectal biopsies)   Healthy volunteers 
HIS, stunted 
microvilli, 
electron dense 
bodies 
Not 
Determined 
HIS not 
pathogenic, 
histological 
lesions due to 
other factors 
LM, TEM 
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Reference 
 
Year of the 
study, 
country 
Prevalence (%) 
(n=number of 
people or 
specimens)  
 
Symptoms of people 
 
Cells/            
pathological 
findings 
 
Other 
organisms 
detected 
 
Notes 
 
Diagnosis 
Tompkins et al., 
1986 
1986, the 
UK 
B. pilosicoli  0% 
(74 faeces)  Diarrhoea  Not Determine  Not 
Determined 
HIS not 
common in 
Westerners  
C  
Tompkins et al., 
1986 
1986, the 
UK 
 B. pilosicoli 
1.5% (1527 
faeces) 
Healthy volunteers, one 
had diarrhoea   Not Determine  Not 
Determined 
HIS not 
common in 
Westerners  
C 
Delladetsima et 
al., 1987 
1987, 
Greece 
16.6% (145 
colonic 
biopsies) 
Diarrhoea, abdominal 
pain, carcinoma, polyps, 
ulcerative colitis, 
diverticulitis 
HIS, absent on 
neoplasia no 
inflammation 
Not 
Determined 
 All +ve from 
Asians or 
known 
homosexuals 
LM, TEM 
Prior et al., 1987  1987  7% (100 colonic 
biopsies) 
Diarrhoea, abdominal 
pain, constipation 
HIS, mucosa 
macroscopically 
normal 
Not 
Determined  Not Determined  LM 
Barrett, 1990  1990, Oman 
B. pilosicoli  
26.7% (292 
faeces) 
Healthy, no symptoms  Not Available  Not 
Determined 
HIS not 
pathogenic  C 
Barrett, 1990 
1990, 
Omanis in 
Oman 
B. pilosicoli 
11.4% (1000 
faeces) 
Various gastrointestinal 
symptoms hospitalized 
patients 
Various illness  Not 
Determined 
HIS common in 
people in 
dev‟ing country 
C  
Lee and 
Hampson, 1992 
1992, 
Aborigines 
Australia 
B. pilosicoli  
32.6% (181 
faeces) 
Samples from apparent 
healthy indigenous in 
community 
Generally 
healthy 
Not 
Determined 
HIS common in 
Aborigines 
Australian,  
C 
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Reference 
 
Year of the 
study, 
country 
Prevalence (%) 
(n=number of 
people or 
specimens)  
 
Symptoms of people 
 
Cells/            
pathological 
findings 
 
Other 
organisms 
detected 
 
Notes 
 
Diagnosis 
Lee and 
Hampson, 1992 
1992, 
Westerners 
Australia 
B. pilosicoli 
1.2% (695 
faecal samples 
from clinical 
laboratory) 
Samples from patients 
with gastrointestinal 
complaints 
Gastrointestinal 
symptoms 
Not 
Determined 
HIS not 
common in 
Westerners 
C 
Cunha Ferreira et 
al., 1993 
1993, the 
UK 
1.1% (270 
colonic biopsy) 
Rectal bleeding, 
abdominal pain 
HIS in crypts, 
inflammation 
cells, 
eosinophils 
Enterobius 
vermiculari
s, Ascaris 
lumbricoide
s 
 HIS associated 
with chronic 
diarrhoea in 
children 
LM, TEM, 
SEM 
 Linboe et al., 
1993 
1993, 
Norway 
2.5% (1205 
colorectal 
biopsy) 
Abdominal pain, 
diarrhoea, bloody 
faeces, constipation, 
Crohn's disease, polyps 
HIS, stunted 
microvilli, no 
inflammation 
Not 
Determined 
 HIS may the 
cause of the 
symptoms 
LM, TEM 
Brito de et al., 
1996  1996, Brazil  1.4%  (282 
colonic biopsy) 
Abdominal pain, rectal 
bleeding, diarrhoea, 
constipation,  
HIS in crypts, 
vascular 
redness, mild 
inflammation, 
cancer rectum 
 
Not 
Determined 
 HIS may cause 
the symptoms 
LM, TEM, 
SEM 
Yang and 
Lapham, 1997  1997, USA 
1.9% (107 per 
occasionem 
appendectomies) 
Healthy  No 
inflammation 
Not 
Available  Not Determined  LM, TEM 
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Reference 
 
Year of the 
study, 
country 
Prevalence (%) 
(n=number of 
people or 
specimens)  
 
Symptoms of people 
 
Cells/            
pathological 
findings 
 
Other 
organisms 
detected 
 
Notes 
 
Diagnosis 
Trott et al., 1997a 
1997, 
indigenous 
PNG 
8.6-30% (496 
faeces)  Healthy  Not Determine  Not 
Determined 
HIS not 
pathogenic in 
indigenous PNG 
C 
Mikosza et al., 
1999, patients 
from Guccion et 
al., 1995 see 
Table 1, 
Appendix C 
1999, USA, 
Norway, 
Australia 
62.5% B. 
aalborgi, 0% B. 
pilosicoli (16 
colorectal 
biopsies) 
HIS, diverticulitis, 
polyps, abdominal pain, 
rectal bleeding 
 No 
inflammation 
 Not 
Determined 
 B. aalborgi 
more common 
causative agent 
HIS in 
Westerners 
LM, PCR 
Brooke et al., 
2001b 
2001, 
Aborigines 
Australia 
9.9% B. 
pilosicoli (514 
faecal samples) 
Gastrointestinal 
complaints  Not Determined 
Associated 
withAeromo
nas spp. 
Giardia 
intestinalis, 
Hymenolepi
s nana, 
Blastocystis 
hominis 
HIS common in 
indigenous 
Australian 
C 
Brooke et al., 
2001b 
2001, Asian 
migrant 
Australia 
B. pilosicoli 
25% (8 faecal 
samples) 
No complaint, apparent 
healthy  Not Available 
B. hominis, 
Entamoeba 
spp. 
HIS common in 
recent migrants  C 
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Reference 
 
Year of the 
study, 
country 
Prevalence (%) 
(n=number of 
people or 
specimens)  
 
Symptoms of people 
 
Cells/            
pathological 
findings 
 
Other 
organisms 
detected 
 
Notes 
 
Diagnosis 
Brooke et al., 
2001b 
2001, 
Eastern 
European 
migrant 
B. pilosicoli  
3.2% (94 faecal 
samples) 
No complaint, apparent 
healthy  Not Available  As above 
HIS common in 
recent migrants  C 
Brooke et al., 
2001b 
2001, 
Middle 
eastern 
migrant 
B. pilosicoli 
13.8% (65 
faecal samples) 
No complaint, apparent 
healthy  Not Available  As above 
HIS common in 
recent migrants  C 
Brooke et al., 
2001b 
2001, 
African 
migrant 
B. pilosicoli  
20% (50 faecal 
samples) 
No complaint, apparent 
healthy  Not Available  As above  HIS common in 
recent migrants  C 
Kraaz  et al., 
2001 
2001, 
Sweden 
 
65.7% B. 
aalborgi, 5.7% 
B. pilosicoli  (35 
colorectal 
biopsies) 
 
 Not Determine  Not Determine  Not 
Determined  Not Determined    
Linboe, 2001  2001, 
Norway 
3% (402 
colorectal 
biopsies) 
 
Neoplasm, irritable 
bowel disease, 
diverticulitis 
 
Not Determine  Not 
Determined  Not Determined  LM 
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Table 2 A summary of studies on prevalence of human intestinal spirochaetosis (HIS) in heterosexuals, 1916 – 2008…continued 
 
Reference 
 
Year of the 
study, 
country 
Prevalence (%) 
(n=number of 
people or 
specimens)  
 
Symptoms of people 
 
Cells/            
pathological 
findings 
 
Other 
organisms 
detected 
 
Notes 
 
Diagnosis 
Mikosza et al., 
2001a 
2001, 
Australia 
 85.7% B. 
aalborgi, 13.3% 
B. pilosicoli (28 
colorectal 
biopsies, 
appendices) 
 Diarrhoea, ulcers 
polyps, abdominal pain, 
rectal bleeding, 
proctitis, appendicitis 
 Inflammation 
lymphocyte 
aggregates, 
increase 
eosinophils 
Not 
Determined 
 B. aalborgi 
more common 
cause of HIS 
than B. 
pilosicoli 
 LM, PCR 
on tissues 
Munshi et al 
2004 
2003, 
Indians 
living in 
India 
6% B. aalborgi, 
25.3% B. 
pilosicoli , 3.2% 
both (316 faecal 
samples) 
Apparent healthy 
people  Not Determined  Not 
Determined 
B.pilosicoli 
more common 
than B. aalborgi 
PCR on 
faecal 
samples 
Mikosza et al., 
2003 
2003, The 
Netherlands 
1.1% (182 
faecal samples) 
Short and chronic 
diarrhoea  Not Determined 
No pther 
etiologic 
agent 
detected 
B. pilosicoli and 
B. aalborgi 
uncommon in 
Westerners 
PCR on 
faecal 
samples 
Brooke et al., 
2006 
2006, 
Australia 
0% B. pilosicoli  
5.6% B. 
aalborgi (142 
faeces from 
rural 
Westerners) 
Faeces submitted for 
gastroenteritis 
symptoms 
Not Determined 
No risk 
factors 
associated 
Diarrhoea 
associated with 
B. aalborgi 
positive 
PCR on 
faecal 
samples 
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Table 2 A summary of studies on prevalence of human intestinal spirochaetosis (HIS) in heterosexuals, 1916 – 2008…continued 
 
 
Reference 
 
Year of the 
study, 
country 
Prevalence (%) 
(n=number of 
people or 
specimens)  
 
Symptoms of people 
 
Cells/            
pathological 
findings 
 
Other 
organisms 
detected 
 
Notes 
 
Diagnosis 
Brooke et al., 
2006 
2006, 
Australia 
14.5% B. 
pilosicoli  6.9% 
B. aalborgi (145 
faecal samples 
rural Aboriginal 
patients) 
Faeces submitted for 
gastroenteritis 
symptoms 
Not Determined 
Risk 
factors: 
Blastocystis 
hominis, 
Giardia, 
chronic 
diarrhoea, 
underweight 
B. pilosicoli 
associated with 
B. aalborgi.  
 PCR on 
faecal 
samples 
(Brooke et al., 
2006) 
2006, 
Australia 
0% B. pilosicoli 
5.6% B. 
aalborgi (90 
non rural 
healthy 
Westerners) 
No complaint, apparent 
healthy  Not Determined  Not 
Determined 
No risk factors 
associated 
PCR on 
faecal 
samples 
Brooke et al., 
2006 
2006, 
Australia 
15% B. 
pilosicoli  7.9% 
B. aalborgi (227 
migrants from 
d‟ing countries) 
Apparent healthy, part 
of migration screening 
procedures 
Not Determined 
Iodamoeba 
butschii 
associated 
with risk 
factor 
B. pilosicoli 
associated with  
B. aalborgi and 
any protozoan 
PCR on 
faecal 
samples 
Calderaro et al., 
2006 
12 year 
period, Italy 
0.08% B. 
aalborgi, 0.01% 
B. pilosicoli , 
0.02% mix both 
(8323 patients) 
Various types of colitis 
or colorectal carcinoma 
Mucosal 
erosions, non 
invasive 
spirochaetes 
Not 
determined 
IS may play a 
role in chronic 
diarrhoea  
C, LM, 
TEM, 
PCR 
                 
                  
 
274  
Table 2 A summary of studies on prevalence of human intestinal spirochaetosis (HIS) in heterosexuals, 1916 – 2008…continued 
 
 
Reference 
 
Year of the 
study, 
country 
Prevalence (%) 
(n=number of 
people or 
specimens)  
 
Symptoms of people 
 
Cells/            
pathological 
findings 
 
Other 
organisms 
detected 
 
Notes 
 
Diagnosis 
Esteve, 2007 
Prospective 
diagnostic, 
between 
1994-2004, 
Spain 
0.7% (1174 
multiple colonic 
biopsies) 
Chronic diarrhoea  Mucosal 
erosions 
Not 
determined 
No sig diff in 
prevalence of 
diarrhoea and 
non diarrhoea in 
B. aalborgi, B. 
pilosicoli    
LM, TEM, 
PCR 
Esteve, 2007 
Prospective 
diagnostic, 
between 
1994-2004, 
Spain 
(100 colonic 
biopsies 
asymptomatic 
patients)  
Asymptomatic  Mucosal 
erosions 
Not 
determined 
No sig diff in 
prevalence of 
diarrhoea and 
non diarrhoea in 
B. aalborgi, B. 
pilosicoli    
LM, TEM, 
PCR 
Key: AIDS - acquired immunodeficiency syndrome,  HIS - human intestinal spirochaetes, HM - homosexual male, HIV - human 
immunodeficiency virus, C – culture, LM - light microscopy, PCR - polymerase chain reaction, TEM - transmission electron microscopy 
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Table 3 A summary of prevalence of human intestinal spirochaetosis  (HIS) in homosexual males 1981-2008.   
Reference  Year of the 
study, country 
Prevalence (%) 
(n=number of 
people or 
specimens)  
Symptoms of people  Cells/pathological 
findings 
Detection of 
other 
organisms 
Notes  Diagnosis 
McMillan and 
Lee, 1981  1981, the UK  36% (100 rectal 
biopsies) 
Various complaint after 
anal intercourse, rectal 
bleeding, pruritus ani, 
diarrhoea 
Plasma & 
neutrophil cells in 
lamina propria 
Gonorrhoea 
syphilis 
HIS uncertain 
cause mucosal 
anomaly 
LM, TEM 
Tompkins et al., 
1986  1986, the UK  
20.6% (34 faecal 
samples or rectal 
swabs) 
Apparent healthy  Not Determine  Not Determined 
HIS common in 
homosexual 
males 
C 
 Dobbins and 
Weinstein, 1985  1985, the USA 
12.5% (8 
colorectal 
biopsies) 
 AIDS, diarrhoea, weight 
loss, lymphadenopathy 
HIS, mast plasma, 
no invasion  Not Determined 
HIS common in 
homosexual 
HIV/AIDS 
patients 
LM, TEM 
 Surawicz et al., 
1987  1987, the USA 
30% (130 
colorectal 
biopsies) 
Diarrhoea, anal discharge 
discomfort, proctitis 
HIS, abnormal, 
inflammation  Not Determined 
HIS common in 
homosexual 
males 
LM, TEM 
 Käsbohrer et al., 
1990  1990, Germany 
 44% (27 
colorectal biopsy 
and faeces) 
HIV positive, 
histologically proven acute 
appendicitis 
     Improved with 
metronidazole  LM, TEM 
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Table 3 A summary of prevalence of human intestinal spirochaetosis  (HIS) in homosexual males 1981-2008…continued 
Reference  Year of the 
study, country 
Prevalence (%) 
(n=number of 
people or 
specimens)  
Symptoms of people  Cells/pathological 
findings 
Detection of 
other 
organisms 
Notes  Diagnosis 
 Law et al., 1994  1994, Australia 
39% (130  
colorectal 
biopsies) 
25% loose stool, 
abdominal bloat, nausea, 
flatulence 
HIS, patchy, 
moderate or 
heavy, proctitis 
Entamoeba 
histolytica, 3-5 
non pathogenic 
protozoa  
 HIS as a result 
of altered bowel 
immunity  
LM, TEM 
 Trivett-Moore et 
al., 1998  1998, Australia 
32.5 % B. 
pilosicoli, 55% 
other HIS (40 
rectal biopsy)  
50% HIV, non specific 
minor gastrointestinal 
symptoms 
HIS on normal 
cells, no 
inflammation 
Not Determined  Not Determined  C, LM, 
TEM 
 
Key: AIDS - acquired immunodeficiency syndrome, C - culture, HIS - human intestinal spirochaetes, HIV: human 
immunodeficiency virus, LM - light microscopy, TEM - transmission electron microscopy 
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APPENDIX B 
A.1 Manufacturers of materials used to culture intestinal spirochaetes 
 
Item  Manufacturer/supplier 
Cholesterol  Sigma Chemical Company, USA 
Colistin  Sigma Chemical Company, USA 
Foetal Calf Serum  Commonwealth Serum Laboratories, Melbourne, 
Australia 
Filter  Minisart, non-pyrogenic 0.20µm, Sartorius, USA 
Gaspak plus (BBL)  Ladd Research Industries, Inc., Burlington, VT 05402 
Glucose  Merck, Australia 
L-cystine  Calbiochem, USA 
Neubauer haemocytometer  Ajax Chemicals 
Parafilm  American National Can Inc., Menasha, USA 
Phase Contrast Microscope  Pharmacia LKB Biotechnology, USA 
Resazurin  Boehringer Mannheim, Germany 
defibrinated sheep blood   (State Health Laboratories, Western Australia) 
Sodium Chloride  Sigma Chemical Company, USA 
Sample jars for faeces collection 70 
ml, 35 ml and 8 ml volume 
Sarstedt Australia 
Sodium Hydrogen Carbonate  Sigma Chemical Company, USA 
Spectinomycin  The british Drug Houses, Ltd., BDH Laboratory 
Chemicals Division Poole, England 
Trypticase Soy Agar  Sigma Chemical Company, USA 
Trypticase Soy Broth  Becton Dickinson & Company, USA 
Vacutainer  Sherwood Medical, USA 
Vancomycin  Becton Dickinson & Company, USA 
Yeast Extract  Whatman International Ltd, England 
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A.2 PCR/CRDEX buffers and reagent  
Buffer  Contents 
TE Buffer  10 mM Tris 
  1 mM EDTA 
  pH 8 
Tris borate Buffer  0.09 M Tris 
  0,09 M borate 
  0.02 M EDTA 
  pH to 8.0 
Guanidine Thiocyanate (GuSCN) LysisBf  Guanidine (29.600g) 
  EDTA (0.409g) 
  Tris HCl (0.303g) 
  Triton X-100 (0.325ml) 
  Make up to 50mls with distilled water. 
  Heat to dissolve solutes, pH to 6.4 
Guanidine Thiocyanate (GuSCN) Wash 
Buffer 
Guanidine (65.01g) 
  Tris HCl (0.6057g) 
  Make up to 100mls with distilled water. 
  Heat to dissolve solutes, pH to 6.4 
 
A.3 PCR/CRDEX chemicals  
Item  Manufacturer/supplier 
Chill out wax separator  M.J. Research Inc, USA 
Diatomaceous earth  Sigma Chemical Company, USA 
EDTA (Di Sodium)  Ajax Chemicals 
Ethidium Bromide  Boehringer Mannheim, Germany 
High purity DNA-grade agarose  Biorad Laboratories, USA 
Ladder 100bp  Gibco BRL, USA 
Mg Cl2  Ajax Chemicals 
Nucleotides: Ultrapure dNTP set  Pharmacia LKB Biotechnology, USA 
Primers  Bresatec, Australia 
PCR tubes  Life Technologies, Australia 
Thermal cycling machine  Perkin Elmer Thermocycler 
Tris  Sigma Chemical Company, USA 
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A.4 Multilocus enzyme electrophoresis (MLEE) buffers and solutions  
Buffer  Contents 
Enzyme extraction buffers  2% sucrose 
  2% mercaptoethanol 
  2% bromophenol blue 
LiOH electrode stock buffer 
(discontinuous) 
LiOH (12.6g) 
  Boric acid (118.8g) 
  Make up to 2L with distilled water  
LiOH gel buffer (discontinuous)  Tris HCl (54.5g) 
  Citric Acid (15.1g) 
  LiOH electrode stock buffer (200mls) 
  Make up to 2L with distilled water 
Phosphate buffered saline (PBS) pH 7.6  NaCl (8.00g/l) 
  K2PO4 (1.21g/l) 
  KH2PO4 (0.34g/l) 
Phosphate staining buffer pH 8.0  1M Na2HPO4 (14.2g) (100ml) 
  1M NaH2PO4 (15.3g) (98ml) 
  Make up to 1L with distilled water 
Poulik electrode stock buffer 
(discontinuous) 
Boric acid (185.5g) 
  NaOH (24.0g) 
  Make up to 2L with distilled water 
Poulik gel buffer (discontinuous)  Tris HCl (184.2g) 
  Citric acid (21.0g) 
  Make up to 2L with distilled water 
Sodium phosphate buffer pH 7.0 (SP7)  NaH2PO4 (60.8g) 
  Na2HPO4 (86.6g) 
  Make up to 2L with distilled water 
Tris EDTA borate buffer (TEB)  Tris HCl (218.0g) 
  Boric acid (61.8g) 
  EDTA di-sodium (14.9g) 
  make up to 2L with distilled water 
Tris HCl staining buffer  1M Tris HCl (70ml) 
  1M HCl (30ml) 
  make up to 1L with distilled water 
Tris maleate buffer pH 7.4 (TM)  Tris HCl (121g) 
  Maleic acid (116g) 
  EDTA di-sodium (14.9g)  
  make up to 2L with distilled water 
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A.5 MLEE enzyme substrate recipes 
Enzyme  Substrates  Visualisation 
ACP  α-Napthyl acid phosphate (50 mg)  Fast Black K (25mg) in 20 ml distilled 
water  0.1M Na acetate pH 5.0 (100ml) 
ADH  Ethanol (5ml)  
Nicotine adenosine dinucleotide 
phosphate (NADP 2.5mg) 
3-(4,5-dimethylthiazol-yl)-2,5-
diphenyltetrazolium bromide (MTT 4mg) 
Phenazine methasulphate (PMS 0.2mg) 
Tris-HCl buffer (25ml) 
Agar overlay (25ml) 
APK  Phosphoarginine (10mg)  3-(4,5-dimethylthiazol-yl)-2,5-
diphenyltetrazolium bromide (MTT 4mg) 
ADP (10mg)  Phenazine methasulphate (PMS 0.2mg) 
Glucose (100mg)  Tris-HCl buffer (25ml) 
NADP (2.5mg)  Agar overlay (25ml) 
G6PD (10units)    
Hexokinase (10mg)    
ALP  β-napthyl acid phosphate (50 mg)  Fast Black K (25mg) in 20 ml  distilled 
water  TEB electrode buffer (100ml) 
EST  Substrate solution 2ml  Fast blue BB (50mg) in 20ml  distilled 
water  (α -Naphtyl acetate 1g, acetone 
100ml) 
Phophate buffer (100ml) 
FDP  Fructose-1,6-Phosphate (40mg)  3-(4,5-dimethylthiazol-yl)-2,5-
diphenyltetrazolium bromide (MTT 4mg) 
Nicotine adenosine dinucleotide 
phosphate (NADP 2.5mg) 
Phenazine methasulphate (PMS 0.2mg) 
MgCl2 1% solution (1 drop)  Tris-HCl buffer (25ml) 
G6PD (10units)  Agar overlay (25ml) 
Phosphoglucose Isomerase (20units)    
GDA  Guanine (30mg)  3-(4,5-dimethylthiazol-yl)-2,5-
diphenyltetrazolium bromide (MTT 4mg) 
Xanthine oxidase (1unit)  Phenazine methasulphate (PMS 0.2mg) 
Nucleoside phosphorilase (5units)  Phospate buffer (25ml) 
   Agar overlay (25ml) 
GDH  Sodium glutamate (150mg)  3-(4,5-dimethylthiazol-yl)-2,5-
diphenyltetrazolium bromide (MTT 4mg) 
Nicotine adenosine dinucleotide 
phosphate (NADP 2.5mg) 
Phenazine methasulphate (PMS 0.2mg) 
   Tris-HCl buffer (25ml) 
   Agar overlay (25ml) 
HEX  Glucose (2g)  3-(4,5-dimethylthiazol-yl)-2,5-
diphenyltetrazolium bromide (MTT 4mg)                                                                                                                            Appendices 
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  ATP (25mg)  Phenazine methasulphate (PMS 0.2mg) 
  Nicotine adenosine dinucleotide 
phosphate (NADP 2.5mg) 
Tris-HCl buffer (25ml) 
  MgCl 1% solution (1 drop)  Agar overlay (25ml) 
  G6DP (10units)   
MPI  Mannose-6-phosphate (25mg)  3-(4,5-dimethylthiazol-yl)-2,5-
diphenyltetrazolium bromide (MTT 4mg) 
Nicotine adenosine dinucleotide 
phosphate (NADP 2.5mg) 
Phenazine methasulphate (PMS 0.2mg) 
G6PD (20u)  Tris-HCl buffer (25ml) 
Phosphoglucose isomerase (20units)  Agar overlay (25ml) 
NP  Inosine (30mg)  3-(4,5-dimethylthiazol-yl)-2,5-
diphenyltetrazolium bromide (MTT 4mg) 
Xanthine oxidase (1unit)  Phenazine methasulphate (PMS 0.2mg) 
   Phosphate buffer (25ml) 
   Agar overlay (25ml) 
LGG  L-Leucy;-Glycilglicine (20mg)  Phosphate buffer (25ml) 
Horseradish Peroxidase  Agar overlay (25ml) 
O-dianiside (5mg)    
L-Amino acid oxidase (5mg)    
PGI  Fructose-6-phosphate (40mg)  3-(4,5-dimethylthiazol-yl)-2,5-
diphenyltetrazolium bromide (MTT 4mg) 
  Nicotine adenosine dinucleotide 
(3mg) 
Phenazine methasulphate (PMS 0.2mg) 
  G6PD (10units)  Tris-HCl buffer (25ml) 
    Agar overlay (25ml) 
PGM  Glucose-1-pPhosphate (60mg)  3-(4,5-dimethylthiazol-yl)-2,5-
diphenyltetrazolium bromide (MTT 4mg) 
Nicotine adenosine dinucleotide ( 
NAD 3mg) 
Phenazine methasulphate (PMS 0.2mg) 
MgCl2 1% solution (1 drop)  Tris-HCl buffer (25ml) 
G6PD (10units)  Agar overlay (25ml) 
SOD     3-(4,5-dimethylthiazol-yl)-2,5-
diphenyltetrazolium bromide (MTT 4mg) 
Phenazine methasulphate (PMS 0.2mg) 
Tris-HCl buffer (25ml) 
Agar overlay (25ml) 
 
All chemicals were supplied by Sigma Chemical Company, USA.                                                                                                                            Appendices 
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A.6 MLEE running conditions 
 
Buffer  Gel dilution 
buffer:water 
(mls) 
Tank 
dilution 
buffer:water 
(mls) 
Running 
current (mA) 
Running voltage 
(V) 
Running 
time (hrs) 
TM  5:250  1:4  25 (constant)  55-65  24 
SP7  5:250  1:4  30 (constant)  85-100  16 
Poulik  25:230  1:4  20-30  120 (constant)  18 
LiOH  27:225  1:4  20-30  120 (constant)  18 
 
A.7 MLEE chemical manufacturers and computer programs 
Item  Manufacturer/supplier 
Centrifuge and rotor  Beckman JA-14 rotor 
Sonicator  Heat Systems, New York, USA 
Potato starch  Sigma Chemical Company, USA 
Soluble starch  The british Drug Houses, Ltd., BDH Laboratory 
Chemicals Division Poole, England 
Bacteriological agar  Oxoid, Australia 
Phentree computer program  Created by Russell Hobbs, Division of Veterinary 
and Biomedical Sciences, Murdoch University, 
Western Australia 
PHYLIP computer program  Phylogeny inference package, Department of 
Genetics, University of Washington, USA. 
 
A.8 Pulsed field gel electrophoresis (PFGE) buffers and solutions 
Buffer  Contents 
TE Buffer  10mM Tris, 0.1 M EDTA, pH 7.6 
TBE   1.08 g L
-1 Tris base, 5.5 g L
-1 boric acid, 0.01M 
EDTA, pH 8.0 
Lysis buffer   6 mM Tris HCl pH 7.6, 1M NaCl,100 mM EDTA pH 
7.6, 0.5 % Brij, 0.2 % sodium deoxycholate, 0.5 % 
sodium lauroyl sarcosine 
TES  50mM Tris pH 7.4, 50 mM EDTA pH 8.0, 1 % 
lauroyl sarcosine                                                                                                                            Appendices 
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A.9 PFGE chemical, equipment manufacturers  
Item  Manufacturer/supplier 
Contour-clamped homogenous 
electric field CHEF DR III 
Biorad Laboratoties, Richmond, VA 
Lambda ladder DNA size 
standards 
Biorad Laboratoties, Richmond, VA 
Ethidium bromide   
Ethylenediaminetetraacetic acid 
disodium salt (EDTA) 
Merck, Australia 
Mlu1  Biotech 
Mlu1 reaction buffer (10x)  Biotech 
Pulsed field certified agarose 
(plug agarose) 
Biorad Laboratories, Richmond, VA 
Sma1  Sigma Chemical Company, USA 
Lysostaphin  Sigma Chemical Company, USA 
Lysozyme  Sigma Chemical Company, USA 
Proteinase K  Sigma Chemical Company, USA 
Bovine serum albumin  Sigma Chemical Company, USA 
Agarose gel  Sigma Chemical Company, USA 
Tris  Sigma Chemical Company, USA 
Sodium deoxycholate  Sigma Chemical Company, USA 
Lauroyl sarcosine  Sigma Chemical Company, USA 
Boric acid  Sigma Chemical Company, USA 
Sodium lauroyl sarcosine  Sigma Chemical Company, USA 
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 APPENDIX C 
C.1 Introduction letter, questionnaire and participation consent for 
healthy people in Australia 
 
Introduction letter 
 
Dear Participant, 
 
My name is Rini and I am currently a student in the Division of Veterinary and 
Biomedical Sciendes Murdoch university under the supervision of Ian Robertson and 
David Hampson. My Ph.D. project involves the study of intestinal spirochaetes in 
humans and animals. Spirochaetes are bacteria, which are found in the large intestine 
of humans as well as many other species of animals. Sometimes they can cause disease 
if a person has some other illness, however usually they are carried without causing 
any illness. 
 
My study involves the collection of faeces (stools) from people and completion of a 
short questionnaire. A sample pot will be provided so that faeces can be collected 
during a normal bowel motion. I will subsequently culture these faeces for Brachyspira 
pilosicoli. The purpose of the questionnaire is to record basic information about your 
age, gender, presence of any clinical symptoms and ownership of pets or animals. 
 
All information will be kept confidential and a code will be used to identify each 
sample. You will be notified of the results from your faeces and a summary of the 
study‟s. This research will help determine the distribution of this bacteria in the 
community.  
If you require further information please do not hesitate to contact me on 9360 2235 or 
9360 2359 (W) or 9314 5461 (A/H). 
 
Thank you for your time and kind cooperation.  
 
Kind Regards  
 
Rini Margawani 
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Questionnaire for healthy people 
 
Date:    ………….. 
Family name:  …..………. 
Address:  …………..................................…………postcode…………. 
Tel………………………. 
 
 
Please fill or tick the appropriate boxes 
*The number order refers to family members in all the tables 
  1*  2  3  4  5 
1. First name           
2. Gender           
3. Age (years)           
4. Ethnic group/country 
of origin 
         
5. Pot number           
6. What is your 
occupation? 
         
7. How long have you 
been in this 
occupation? (yrs) 
         
8. Do you work with 
animals? 
         
9 If so, how long have 
you been in this 
occupation? (yrs) 
         
           
10. Have you suffered from any of the following signs in the past month? 
 
a. Diarrhoea           
b. Abdominal 
pain/cramps 
         
c. Headache           
d. Muscle or joint pain           
e. Constipation           
f. Other, please specify           
           
11 Have you lost 
weight in the past 6 
months? (other than by 
dieting) 
         
12 a. Have you been ill 
in the past 3 months 
         
12 b. If so, what was 
the name of your 
illness? 
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13a. Have you taken 
any medication in the 
past month? (other than 
headache tablets) 
         
b. If yes what did you 
take and why 
         
c. How long did you 
take this medication? 
         
14.How long have you 
lived in Australia? 
         
15.a. Have you been 
overseas in the past 6 
months? 
         
b. If YES, which 
country/ies? 
         
 
 
16. Do you have any pets or animals (including chickens) in your household? 
 
Y  /   N 
 
If YES, please go to the questionnaire for pet owners. 
 
 
 
 
Participation consent 
 
 
I ________________________________ have read the information above and any 
question I have asked have been answered to my satisfaction. I agree to participate in 
this activity, realizing that I may withdraw at any time without prejudice. 
 
I agree that research and data gathered for the study may be published provided my 
name or other identifying information is not used. 
 
 
_______________________________    ________________________ 
Participant/Authorised Representative      Date:      /          / 
 
 
_______________________________    _________________________ 
Rini Margawani            Date:       /           / 
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C.2 Questionnaire for pet owner 
Questionnaire for pet owner 
 
Date………… 
 
Family name………… 
 
1. What type of pets or other animals, such as chickens, do you have in your household 
and how many do you have? 
 
Please fill or tick the appropriate column 
 
Animal  Number 
Dog   
Cat   
Bird   
Others, please specify…..   
………….   
 
Information on dogs 
 
Please fill or tick the appropriate column 
 
  1*  2  3  4  5 
2. Name of dog           
3. Gender  M/F  M/F  M/F  M/F  M/F 
4. Age (years)           
5. Body condition**           
6. Has the dog had 
diarrhea in the past 
week? 
Y/N  Y/N  Y/N  Y/N  Y/N 
7. Has the dog had other 
signs/illness in the past 
week? If yes, please list 
Y/N  Y/N  Y/N  Y/N  Y/N 
8. Sample pot number           
  *Each number in column refers to each dog in the household in all Tables 
  **1=fat, 2=normal, 3=thin, 4=very thin 
 
9. Where does your dog most commonly defaecate? 
 
1= soil 
2= grass/lawn 
3= garden bed 
4= indoor litter tray 
5= park 
6= beach 
7= other, please specify…..                                                                                                                            Appendices 
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66= do not know 
 
10. How often do you remove and dispose of the faeces? 
 
1= daily 
2= 4-5 times a week 
3= 2-3 times a week 
4= once a week 
5= every fortnight 
6= other, please specify….. 
66= do not know 
 
 
Information on cats 
 
Please fill or tick the appropriate column 
 
  1*  2  3  4  5 
11. Name of cat           
12. Gender  M/F  M/F  M/F  M/F  M/F 
13. Age (years)           
14. Body condition**           
15. Has the cat had 
diarrhea in the past 
week? 
Y/N  Y/N  Y/N  Y/N  Y/N 
16. Has the cat had 
other signs/illness in 
the past week? If yes, 
please list 
Y/N  Y/N  Y/N  Y/N  Y/N 
17. Sample pot number           
  *Each number in column refers to each dog in the household in all Tables 
  **1=fat, 2=normal, 3=thin, 4=very thin 
 
18. Where does your cat most commonly defaecate? 
 
1= soil 
2= grass/lawn 
3= garden bed 
4= indoor litter tray 
5= park 
6= beach 
7= other, please specify….. 
66= do not know 
 
19. How often do you remove and dispose of the faeces? 
 
1= daily 
2= 4-5 times a week 
3= 2-3 times a week 
4= once a week                                                                                                                            Appendices 
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5= every fortnight 
6= other, please specify….. 
66= do not know 
 
20. Approximately how much time per day does your children spend with your pet? 
…….hrs 
 
 
Thank you. 
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C.3 Introduction letter, questionnaire and consent form for elderly 
patients in hospitals  
Introduction letter 
The carriage of intestinal spirochaetes 
 
Dr RA Criddle, SE Hall, Associate Professor ID Robertson*,  
Associate Professor DJ Hampson*, R Margawani* 
Department of Rehabilitation and Aged Care 
Sir Charles Gairdner Hospital, Verdun St, Nedlands, 6019 
*Division of Veterinary and Biomedical Sciences 
Murdoch University, Murdoch 6150 
 
Patient Information and Consent 
 
Many types of bacteria can be carried by people without causing sickness, while 
others only occasionally cause sickness. The bacteria Brachyspira pilosicoli appears 
to belong to this latter group. The bacteria has only recently been discovered. Very 
little is known about how many people are carrying it in the hospital or in the general 
community. The bacteria has been found in the hospital and in the general 
community.  The bacteria has been found in the stools/faeces of many healthy people, 
as well occasionally in people with problems such as diarrhoea. However, few studies 
of this bacteria have been conducted in Australia or throughout the world.  
 
This project that we are asking you to be involved in will address this lack of 
knowledge. The goals of the study are to find out how many patients are carrying this 
bacteria and if certain people are more likely to carry it than others. 
 
These are our requirements of you. 
 
1. If at any time before, during, or after this study you have any questions about the 
study please telephone Sonja Hall 9346 4077 or Ian Robertson 9360 2459. 
 
2. If you would like to participate in the study you will first need to complete the 
consent form at the back page of this „Patient Information & Consent‟ form. If you 
have any question please ring Sonja Hall 9346 4077 or Ian Roberston 9360 2459 
before you sign this form.  
 
3. You will be asked to complete a short questionnaire, involving questions with 
regard to your age and health. This questionnaire will only take a few minutes to 
complete. 
 
4. Currently the only way to identify the bacterium is by culturing stools or faeces. If 
you are agreeable a stool/faecal sample will be collected from your bed-pan or 
commode after you have opened your bowels. You do not need to be present during 
this sample collection. If you remain a patient in the hospital for a period of longer 
then one week we would like to collect a second sample one week after the first 
sample.                                                                                                                            Appendices 
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5. The result of your faecal/stool sample will be provided in confidence to you.  
 
6. Thank you for taking the time to help with this study. 
 
Benefits 
 
The benefits of participating in this study are that it will increase the knowledge about 
the bacteria Serpulina pilosicoli and determine how common it is and whether it is 
likely to cause illness or not.  
 
Inconveniences 
 
The major inconvenience to you will be the time it takes to complete the 
questionnaire, which shouldn‟t be more then five minutes.  
 
A research assistant will collect a small sample of your stool from a bed-pan or 
commode after you have opened your bowels. These assistants are experienced in 
sample collection, and you do not need to be present during this procedure.  
 
We will not be asking you to have any tests, investigations, or treatments.  
 
Confidentiality 
 
The information that we collect on you will be kept in strictest confidence and stored 
in a locked area. If the results are published it will not be possible to identify 
individual patients. All information will be treated in compliance with the Privacy 
Principles as set out in section 14 of the Privacy Act 1988. In compliance with the 
Guidelines for Good Clinical Practice (G.C.R.P) in Australia (Commonwealth 
Department of Health, Housing & Community Services ACT, 1991) all records will 
be kept in a safe and locked storage area for 15 years after the completion of the 
study.  
 
Further information 
 
If you require any further information with regard to the trial you may contact 
 
Sonja Hall           Phone 9346 4077 
Associate Professor Ian Robertson     Phone 9360 2459 
Rini Margawani         Phone 9360 2359 
Associate Professor David Hampson      Phone 9360 2287                                                                                                                            Appendices 
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Agreement 
 
1.  On the basis of the information contained in this Information and Consent 
Form and after further explanation by the study staff,  I agree to participate in 
this study. 
2.  I understand that I can withdraw at any time I wish, and that if I do so any 
medical treatment I may be receiving will not be adversely affected. 
3.  My participation in the study does not affect any right to compensation which 
I may have under statute or common law.  
 
Participant‟s name:  __________________________________________ 
 
Signed: _____________________________________Date: ________________ 
 
We need someone you know to witness you signing this form. This can be family, a 
friend, a neighbour or anyone else that you choose. It does not have to be your „next 
of kin‟. 
 
Witness‟ name: ______________________________________ 
 
Signed:  _____________________ Date: ____________________ 
 
Investigator‟s name:______________________________________ 
 
Signed: ______________________ Date: ___________________ 
 
 
“The  Sir  Charles  Gairdner  Hospital  Research  Institutional  Ethics  Committee  has 
given  ethics  approval  for  the  conduct  of  this  project.  If  you  have  any  concerns 
regarding the ethical issues you can contact the Secretary of the Charles Gairdner 
Hospital  Research  Institutional  Ethics  Committee  (telephone  number  (08)  9346 
2999). All study participants will be provided with a copy of the Information Sheet 
and Consent Form for their personal records.” 
 
Agreement form for relative 
 
1. On the basis of the information contained in this Information and Consent Form 
and after further explanation by the study staff, I agree for my relative 
____________________________ to participate in this study. 
 
2. I understand that my relative may withdraw or I may withdraw my permission at 
any time, and that if this happens any medical treatment my relative may be receiving 
will not be adversely affected.  
 
3. My relative‟s participation  in the study does not affect any right to compensation 
which they may have under statue or common law. 
 
Hospitalised person‟s name: _______________________________ 
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Name of relative giving permission: ____________________________ 
 
Signed:__________________________Date:_____________________ 
 
We need someone you know to witness you signing this form. This can be family, a 
friend, a neighbour or anyone else that you choose. It does not have to be your „next 
of kin‟. 
 
Witness‟ name: ______________________________________ 
 
Signed:  _____________________ Date: ____________________ 
 
Investigator‟s name:______________________________________ 
 
Signed: ______________________ Date: ___________________ 
  
 
“The  Sir  Charles  Gairdner  Hospital  Research  Institutional  Ethics  Committee  has 
given  ethics  approval  for  the  conduct  of  this  project.  If  you  have  any  concerns 
regarding the ethical issues you can contact the Secretary of the Charles Gairdner 
Hospital  Research  Institutional  Ethics  Committee  (telephone  number  (08)  9346 
2999). All study participants will be provided with a copy of the Information Sheet 
and Consent Form for their personal records.” 
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Questionnaire for patient 
Date:…./…./…..        Code_________________ 
 
Please tick or circle the appropriate answers. 
 
What is your gender?                               Male  Female 
How old are you?            ____________Years 
In what country were you born?        ____________ 
How long have you lived in Australia?      ____________Years 
Have you been overseas in the past 6 months?      Yes  No 
  If YES, which country or countries have you visited? 
                _____________ 
                _____________ 
                _____________ 
What is your usual occupation        _____________ 
How long have you been in this occupation?     ____________Years 
Have you had diarrhea or loose stools in the past month?     Yes  No 
Have you been constipated in the past month?       Yes  No 
Have you had abdominal pains or cramps in the past month?   Yes  No 
Have you suffered from headaches in the past month?     Yes  No 
Have you suffered from muscle or joint pain in the past month? 
Have you lost weight in the past 6 months (other than dieting) 
Have you taken any antibiotics in the past month? 
Do you have any pets or other animals,, such as chickens or ducks, in your 
household? 
  If YES, what pets or animals and how many of each do you have? 
Dogs        ________ 
Cats        ________ 
Aviary birds      ________ 
Fish        ________ 
Others, please specify   ________ 
 
 
Thank you for your cooperation in this study. 
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C.4 Questionnaire for Indonesians in Bali, Indonesia  
The questionnaire for the Indonesians in Bali was written in Indonesian. The 
questionnaire was similar to the one used for healthy people in Australia (Section B.1 
and B.2) except for the addition of instructions on how to collect the faecal samples. 
Following is the questionnaire in Indonesian followed by the translation in English of 
the instructions on how to collect the faecal samples.  
Introduction letter and instruction on faecal sample collection (in 
Indonesian) 
Kuesioner dan petunjuk pengambilan sample untuk peserta penelitian lokasi Bali  
Bapak/Ibu yang terhormat, 
Terima kasih atas kesediaan Bapak/Ibu untuk berpartisipasi dalam penelitian tentang 
penyakit bakteri  Spirochaete. Untuk berpartisipasi dalam penelitian ini kami akan 
mewawancarai Bapak/Ibu untuk mendapatkan informasi tentang beberapa hal. Selain itu 
kami akan mengumpulkan sample „kotoran‟ yang kemudian akan diperiksa di 
laboratorium. Kami akan mewawancarai kepala keluarga yaitu Bapak atau Ibu dan 
kemudian akan kembali keesokan pagi untuk menjemput sample „kotoran‟. Berikut ini 
adalah petunjuk pengambilan „kotoran‟.  
Petunjuk pelaksanaan pengambilan sampel „kotoran‟. 
1.  Periksa nomor kode pot agar setiap anggota keluarga menggunakan pot dengan 
kode sesuai dengan nomor kode perorangan yang saya tulis di kuesioner. 
2.  Bawa dan siapkan pot saat „ke belakang‟. 
3.  Saat duduk di toilet, kotoran yang jatuh ditoilet diambil dengan sendok yang 
sudah tersedia pada bagian bawah dari tutup pot. Isi sendok sampai penuh dan 
tutupkan kembali dengan rapat ke pot.  
4.  Masukkan pot ke dalam kantong yang tersedia dan letakkan di dekat pintu toilet.  
5.  „Kotoran‟ yang sudat tertampung mulai sore hari ini sampai besok pagi akan 
dijemput besok pagi sekitar jam 9. 
Terima kasih atas bantuan Bapak/Ibu . 
Hormat saya 
Rini Margawani 
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KUESIONER 
 
Tanggal:    ………….. 
Nama kepala keluarga:  …..………. 
Alamat:  …………..................................………… …………. 
 
Mohon diberi tanda silang pada kotak yang dipilih 
  1*  2  3  4  5 
1. Nama angggota keluarga           
2. Jenis kelamin           
3. Umur (tahun)           
4. Nama Banjar            
5. Nomor pot           
6. Apa pekerjaan Anda?           
7. Sudah berapa lama di 
pekerjaan ini? (thn) 
         
8. Apakah bekerja dengan 
hewan? 
         
9 Kalau Ya sudah berapa 
lama? (thn) 
         
10. Selama sebulan terakhir ini, apakah Anda mempunyai gejala penyakit di bawah 
ini?  
a. Diare           
b. Sakit perut           
c. Sakit kepala           
d. Sakit sendi           
e. Sulit buang air besar           
f. Lainnya, mohon 
dijelaskan 
         
11 Apakah turun berat 
badan dalam 6 bulan 
terakhir 
         
12 a. Apakah pernah sakit 
dalam 3 bulan terakhir 
         
12 b. Kalau YA, sakit apa?           
13a. Apakah pernah minum 
obat dalam 3 bulan 
terakhir? (selain obat sakit 
kepala) 
         
b. Kalau YA obat jenis apa           
c. Berapa lama sejak 
minum obat ini 
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14. Apakah Anda punya hewan peliharaan di rumah? 
  
YA  /   TIDAK 
 
BILA YA, mohon isi kuesioner pemilikan hewan. 
 
 
 
 
 
B.6 Quesionnaire for animal ownership (in Indonesian) 
 
Kuesioner untuk pemilik hewan  
 
Tanggal ………… 
 
Nama kepala keluarga ………… 
 
1. Hewan jenis apa dan berapa banyak yang Anda miliki di rumah? 
 
Mohon disini 
 
Jenis hewan  Jumlah 
Anjing   
Kucing   
Burung   
Babi   
Sapi   
Ayam   
Bebek   
Lainnya, jelaskan…   
 
Terima kasih 
B.7 Translation of the introduction and instructions for the faecal sample 
collection. 
Dear Sir/Madam, 
Thank you for your participation in the study of spirochaete disease in humans. For this 
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questions about the health status of the family members involved in this study. We also 
require you to collect faecal samples that will be examined for spirochaetes. We will 
come back tomorrow to collect the faecal samples. Following this are the instructions 
on how to collect the faeal sample during toileting.  
Instructions on how to collect the faecal sample. 
Pick the pot with the code corresponding to your name that is listed in the questionnaire. 
Take the pot with you to the toilet. 
The faecal sample is collected by taking it with the spoon that is attached to the lid of 
the pot. Fill the spoon full and put the lid back onto the pot.  
Put the pot inside the plastic bag provided and leave it near the toilet door.  
We will come the next morning at approximately 9 am to collect the samples. 
Thank you 
 
 